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State governments always want graduates who received higher education in 
universities and colleges to stimulate the economic growth of the state. Many state 
universities want to contribute more to the state’s economy as well, and state 
universities frequently have relevant economic development activities and offices. 
The state universities normally receive annual budgeted financial support and 
occasional special funding from the state government while the state expects 
contributions to the economic growth and an educated citizen in return. In this 
research, the economic impact of a graduate degree funded by the state government 
was considered in the state of Nebraska. 
Simulation models were utilized to attain the goal of the research. In the 
simulation models, the salaries of graduate engineers and the money spent by 
employed graduate engineers were considered, and the taxes paid by the graduate 
employees were used as the basic indicator to assess the direct economic impacts 
 
 
received by the state government. The computer simulation model was validated and 
verified. The simulation model utilized historical  spending data patterns and 
calculated the Nebraska state and federal income taxes directly paid by graduates and 
indirectly paid as a result a of their spending, and it was economically justified to 
support the advanced education. The state government can regain their financial 
support of the university via state taxes paid by the graduates alone. Using spending 
simulation, it was determined that it was not beneficial for the government to reduce 
the income tax rates in hope of generating secondary spending to recover the tax 
losses by a stimulation of spending. Even if the sales taxes obtained by the 
government were increased, the amount cannot make up for the decreases of the 
income taxes.
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Chapter 1 Introduction 
Positive impacts of graduates to the state and national economy are sought for 
economic development. State governments want state supported institutions of higher 
education such as universities and community colleges to be economic engines to 
stimulate a state's economic growth. Many state universities have offices and 
functions that are expected to be a positive contributor to economic development. 
Intellectual property at universities is encouraged to be protected and marketed or 
developed to create new products, materials and enterprises. One vital economic 
driver of state institutions is the economic buying power of its students. 
State universities are partially funded by the state budget, student tuition and fees, 
donations and gifts, endowments and contract overhead. This research has a focus on 
the economic impact measured by income and sales taxes paid by graduate students 
after they receive an advanced degree from a state university. 
Nowadays, there are more and more people who have received higher education 
degrees. The historical data about the numbers of university students from 1970 to 
2009 in the United States are shown in Table 1.1. As noted, the data included 
unclassified undergraduate and graduate students, and the data through 1995 were for 
institutions of higher education while the data from 2000 were for degree-granting 
institutions. As we can see in Table 1.1, in 1970 there were only 8.581 million people 
who enrolled into higher education, while in 2009 there were 20.427 million people. 
The total number of students participating in higher education had increased by 138% 
from 1970 to 2009.  In 1970, there were 7.369 million students enrolling into 
undergraduate study, while there were 17.565 million students in 2009. The number 
of new undergraduates had increased by 138% from 1970 to 2009. In 1970, there 
were 1.212 million students enrolling into the graduate school, while there were 2.862 
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million students in 2009. The number of new graduate students had increased by 
136% from 1970 to 2009.  
Table 1.1 Total fall enrollment in degree-granting institutions, by student level: 
selected years, 1970 through 2009 [In Thousands] (Department of Education, 
National Center for Education Statistics., 2011; Digest of Education Statistics, 
2010) 
Student characteristic Total Undergraduate Post baccalaureate 
Institutions of higher education 
1970 8,581 7,369 1,212 
1980 12,097 10,475 1,622 
1985 12,247 10,597 1,650 
1990 13,819 11,959 1,859 
1995 14,262 12,232 2,030 
Degree-granting institutions 
2000 15,312 13,155 2,157 
2001 15,928 13,716 2,212 
2002 16,612 14,257 2,355 
2003 16,911 14,480 2,431 
2004 17,272 14,781 2,491 
2005 17,487 14,964 2,523 
2006 17,758 15,184 2,574 
2007 18,248 15,604 2,644 
2008 19,103 16,366 2,737 
2009 20,427 17,565 2,862 
 
As seen in the degree-granting institutions in Table 1.1, the students in higher 
education had increased by 33.4% from year 2000 to 2009. The number of new 
undergraduates had increased by 33.5% from year 2000 to 2009, while the number of 
new graduate students had increased by 32.7%.  The increasing percentage of 
undergraduates was less than the increasing of graduate students, which meant the 
percentage of undergraduates interested in graduate studies was decreased from year 
2000 to 2009. However, both the numbers of undergraduates and graduate students 
were increased. There were more and more students in graduate schools, which meant 
that more investments were needed in the universities including purchases of 
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hardware devices, software devices, spaces, and so on. When the students received 
their master's or doctoral degree, they became employed or continued their study 
further. Eventually, the governments or communities gained financially from them 
due to employment. 
 
Figure 1.1 Flow of money associated with obtaining a graduate degree 
It was a problem whether the governments were glad to see more undergraduates 
enrolling into graduate schools or not. As shown in Figure 1.1, though the government 
needed to pay for facilitates and general support for graduate students, they had more 
taxes paid to the government normally as rewards. The objective in this research was 
to determine the economic impact to the government taxes received due to an 
undergraduate student going into the graduate school and receiving an incremental 
State & local 
government 
University 
Graduate Students Research Services 
Employment Purchases 
Employees Wages 
Federal Government State & local 
government 
Purchases 
State & local 
government 
Federal Government 
$ ~ 25% 
Endowments Property Rights, 
Licensing Agreements Tuition, Fees 
Overhead 
Δ Purchases 
Δ Salaries 
Income Taxes 
Primary Sales Taxes 
Secondary Expenditures 
Influence, such as Food 
Primary Sales Taxes 
Income Taxes 
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income because of the graduate education. Economic impact was always utilized to 
analyze the effect of a policy, program, project, activity or event on the economy of a 
given area. The activity studied in this research was enrolling into graduate schools. 
The area studied was additional taxes paid to the Nebraska State government, local 
government and to the United States government.  
The measurement of economic impact was always in terms of changes in economic 
growth, which was associated with jobs and income. The indication of the economic 
impact utilized in this research was the tax receipts of the US and state & local 
governments. Under normal circumstances, taxes consisted of income taxes and sales 
taxes for an individual, and income taxes included federal taxes and state taxes. Part 
of income taxes should be paid to the federal government, and part of income taxes 
should be paid to the state & local government. Sales taxes would be paid to the state 
& local government. If a taxpayer can contribute more to the society, she/he normally 
can obtain more remuneration. When the taxpayer had more income, she/he would 
pay more income taxes to the government and have more money to be spent on 
various kinds of consumptions. With more money spent, sales taxes receipts should be 
raised. As we can see, it should be worth it for governments to encourage graduate 
students because of the higher income that would result. The problem of interest in 
this research is how much impact in terms of primary and secondary taxes are paid by 
a person with a graduate degree. 
By reviewing the previous research methods of the economic impact, mathematical 
models always were created to predict the impact. Different mathematical models 
were apt to have different problems, different aspects of the same problem or the 
problem under different conditions. Different parameters were utilized in different 
mathematical models. It was not easy to analyze individual cases by utilizing a 
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mathematical model. In this research, a simulation model was utilized, and the 
parameters set in the model covered as many aspects as possible. Different situations 
were simulated by changing the value of parameters in the model and obtaining the 
results for analysis. 
Several commonly used engineering economics methods were introduced into this 
research to measure the economic impact in different aspects, such as the payback 
period, net present value and benefit-cost ratio. If an investment was made on 
something, rewards of the same value would be expected from the investment within 
certain amount of time. The time when the investment was repaid was defined as the 
payback period. It was a useful tool because it was easy to understand for most people 
and simple to apply in the model. It could be an intelligible indicator to represent the 
speed of an economic impact. 
Owing to the utilization of the taxes as the indicators, the changes of tax rates can 
influence the results. In the real world, tax rates were not invariable, while the 
government may change the rate and policy every several years. As well, the changes 
of other uncertain parameters in the simulation model can affect the results of the 
analysis. Therefore, at the end of the research, sensitivity analysis was utilized to 
consider these uncertainties. Sensitivity analysis can study how the uncertainties in a 
model input influenced the output of the model.  
Finally, it was detected that it was beneficial for the government to encourage 
students to enroll into graduate schools.  A simulation model was utilized to 
investigate and compare the economic impact of taxes paid by engineers who had 
advanced degrees, and the model gave the value of desired parameters under different 
conditions. 
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Chapter 2 Background 
Graduate education appears to have profound effects on students, and their earnings. 
It also has economic impacts to the government and society through the increasing of 
their income and taxes paid. 
2.1 Relationship between Education and Economic Growth 
Economic growth was defined as a consistent increase of the output per capita in a 
country (or the income per capita) in a long time period (Hesapcioglu, 1984). 
Education was always related with one country’s economic growth, since the 
productivity of workers was a significant factor to influence the economic growth, 
which can be raised through educating workers. To measure the return of the costs on 
education was important, and one of the measures was cost-benefit analysis (Cinkir, 
2000). Another popular formula to analyze the economic growth was Cobb-Douglas 
Production Function (1928, 1979), which can be shown as 
KALQ  , 
where 
Q = total production in a specific time, 
L = labor input, 
K = capital input, 
A = total factor productivity (the part not explained by labor and capital increase in 
production), 
α = output elasticity of labor input, 
and  β = output elasticity of capital input. 
Based on the datasets, A, α, and β always were estimated by regressing the formula 
KLAQ lnlnlnln   , 
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where datasets of Q, L, and K were historical data. The above expression was 
transferred to a linear regression model, which was easier to solve. The perfect model 
would be obtained if α + β = 1, which meant returns to scale were constant or output 
increased by the same proportional change with the proportional changes of all inputs. 
As investigated by Schultz (1961) and Denison (1962), the contribution of education 
to total productivity caused about two thirds of economic growth except for the labor 
and capital inputs. As reviewed by Hava and Erturgut (2010), the contribution of 
education to the economy stood to reason. Another study indicated that a literacy rate 
of 40% was a pre-condition  for exceeding $300 GNP (Gross National Product), and 
90% for exceeding $500 GNP by Bowman and Anderson based on 85 countries 
(Blaug, 1972). 
2.2 The Economic Impacts of Colleges and Universities in a Local Area 
As reviewed by Siegfried, Sanderson, and McHenry (2007), there were many studies 
on the economic impacts of colleges and universities. In the initial phases of 
analyzing this problem, a systematic template to organize the measurement of 
economic impacts was created by Caffrey and Issacs (1971). Then more and more 
research was focused on this field, and the analysis became more and more complex 
and included more and more variables. But the basic procedure to analyze the 
economic impact was common. First, a summary of expenditures of the college 
community (students, faculty, staff, and visitors) was obtained. Then multipliers to 
account for the interdependency of economic activities in a specific area were 
utilized, such as the impact to a state or to a country. As listed in their studies, 
colleges and universities always had positive impact to their local areas. For example, 
Loyola University Chicago created a $1.04 billion economic impact and nearly 
15,000 jobs in the Chicago-land area in 1994 [Chicago College News. August 1995, 
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4(12): pp.1, 4]. Another good result was from the University of Georgia System, as it 
generated $9.7 billion in ‘output impact’. Moreover, it took charge of 2.8 percent of 
Georgia’s workforce, or 106,831 full- and part-time jobs [www.gatech.edu, January 
18, 2005].   
An analysis, where inputs included direct employment and payroll, expenditures for 
equipment, supplies and services, construction costs, expenditures of the local 
community, support of research, and tuition and fees paid, was conducted by 
Siegfried, Sanderson, and McHenry (2007). Multipliers always were indicated in a 
similar pattern, and the impacts could be obtained by summing the inputs with 
corresponding multipliers.  An example of the expression of the multipliers was: “For 
every $1 in state appropriations for the university, the University of Oregon generates 
nearly $10 in additional expenditures (www.uoregon.edu, 2004)”.  
As represented by Siegfried, Sanderson, and McHenry (2007), there were at least 198 
impact studies done covering more than 241 individual institutions. There were 
several main contributions shown as the followings. A new methodology, which can 
be utilized for short and long-run flows, was proposed by Beck, Elliott, Meisel, and 
Wagner (1995), and they also gave alternative ways of thinking about geographic 
regions. A study to discuss the traditional “economic-base” approach was done by 
Brown and Heaney (1997).  A case study of Xavier University in Cincinnati was 
created by Blackwell, Cobb, and Weinberg (2002) to discuss traditional and human 
capital impacts. With the analysis more and more complex, the range of the 
multipliers was too wide. Leslie and Slaughter (1992) standardized economic impacts 
by dividing “business volume” by the college budget, since the measures were 
sensitive to the institution’s budget.  The methodology was improved but not 
significantly for a large range of estimates. 
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2.3 The Effect of College Quality and Undergraduate Majors 
There were many studies to measure colleges’ impacts on earnings in one way or 
another, while most of them were about the effect of the college’s quality and they 
gave positive results (Zhang, 2005). Weisbrod and Karpoff (1968), Reed and Miller 
(1970), Solmon (1975), and Wise (1975) were among the first to investigate the 
impact of perceived quality of an institution on earnings of its graduates. 
In Reed and Miller’s research (1970), the earnings of men with college degrees were 
studied and multiple regressions equations with dummy variables were utilized to do 
the analysis. As shown in their study, the rank of the colleges had positive effects on 
the earnings, and the factors included in the rank of the colleges were: where degrees 
were received, levels of degree, majors, student ages, and race (nonwhites or whites). 
The men with bachelor’s degree majoring in engineering, physical sciences, and 
business and commerce were indicated as the ones with greater monetary rewards, 
while the holders of higher degrees major in medical sciences and law had greater 
monetary rewards. The difference at each degree level was over $2,400 per year. 
Solmon’s studies (1975) mainly focused on the effects of college quality to the human 
capital earnings functions. As shown, the quality of institutions of higher education 
had significant impacts on earnings of those who attended. The subjective evaluation 
of institutions (the Gourman Index) was utilized to measure quality in some of their 
estimated equations. A deformation of Cobb-Douglas Production Function was used 
to study the people no longer in school, and it was  
uVfeQUALdIQcYRSbEXPSQaEXPYY iit  0lnln  
where 
ln Yt = the log of observed earnings, 
EXP = years of experiences in the full-time labor force (from the first job), 
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EXPSQ = the squared value of EXP (Mincer, 1970), 
IQ = the level of ability (presumably affected by a combination of genetics and 
environment), 
QUAL = the quality of college attended, 
Vi = occupational dummy i, 
fi = the coefficient of Vi, 
and u = errors. 
Years compared included 1939-1940, 1953-1954, 1959-1960, and 1969-1970.  As 
mentioned in his conclusions, the institutional variables were regarded as relating to 
student quality, and the part relating to faculty salaries counted as college quality. 
The methodology utilized in Wise’s study (1975) was also a regression model, and his 
model with x as the parameters to be estimated was: 
  

txrdxbaas
l
llkjiji ][ln
5
1
000
 
where 
s = monthly salary, 
t = years employed, 
d and δ = coefficients, 
a0 = constant, 
ai = effect of having B.A. degree or not when start work at the firm, 
bj = effect of the undergraduate major, 
r0 = average rate of salary increase, 
αi = effect of undergraduate college in ith selectivity group, 
βj = effect of undergraduate grades in jth interval, 
and γk = effect of being in kth rank in M.A. class (γ0 was for B.A. only). 
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As resulted, job performances were related with academic achievement. The 
differences in estimated rates of salary increase by college selectivity and college 
grade point average were large, which was consistent with Weisbrod and Karpoff 
(1968). 
Recent studies by Brewer and his colleagues (Brewer and Ehrenberg, 1996; Brewer, 
Eide, and Ehreberg, 1999; Eide, Brewer, and Ehrenberg, 1998), and Thomas and his 
colleagues (Thomas, 2000, 2003; Thomas and Zhang, 2001, 2002) have significantly 
improved the understanding of the economic effect of college quality. Furthermore, 
Brewer and his colleagues (1996 and 1999) utilized regression models to analyze the 
impacts, and Thomas and his colleagues (2000, 2001, 2002, and 2003) used similar 
models though the variables and formation of the equations were different from each 
other. All of the previous research showed that college quality had positive and 
significant effects on graduates’ earning (e.g., Solman and Wachtel, 1975; Pascarella 
and Terenzini, 1991; Mueller, 1988; Thomas, 2000, 2003). 
Though there were many previous studies on the impacts of the education on the 
economy, they were to detect the economic impacts of a college or university as the 
community or the education’s effect on several factors related to an individual’s 
salary. In this research, the object is the economic impact to the government (or 
community) in the form of taxes paid of an individual who holds a higher degree 
compared with only a bachelor’s degree. As well, most of the studies were based on 
regression models utilizing different variables indicated in the literature research, 
while this study is based on a simulation model which shows the whole process of the 
cash flows and gives the corresponding impacts to the government (or community). In 
addition, the developed simulation model was used to perform a sensitivity analysis to 
consider the possible impact to society (total taxes paid) as result of reducing the 
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individual tax rate and a variety of levels of increased spending by an individual.  This 
latter application was an attempt to partially answer the question under what 
circumstances will reduce federal tax rates result in more total federal taxes being 
paid due to stimulation of other components of society. 
2.4 The Principles of the Simulation 
The mathematical model needed to embed the factors, while the drastic 
simplifications were required to keep the equation system solvable. The simulation 
model can combine more factors into account to detect the impacts one by one. 
(Pryor, 1973) A simulation is the imitation of the operation of a real-world process or 
system over time according to Banks and his colleagues (2009). Several authors have 
discussed when it was appropriate to use simulation as reported by Naylor et al. 
(1966) and Shannon (1998). Banks (2009) concluded that simulation had the 
following 11 purposes: to study complex systems, to detect the effect on the model 
from informational, organizational, or environmental changes observed, to give 
suggestions to improve the current system, to obtain better outputs by changing 
inputs, as a pedagogical device to reinforce analytic solution methodologies, to do 
experiments for new designs or policies before implementation, to verify analytic 
solutions, to determine a machine’s requirements, to provide training without cost and 
disruption, to visualize a plan , and to develop a realistic analysis of modern system 
too complex to be reviewed in any other manners. 
The simulation has had wide applications, including manufacturing, wafer fabrication, 
business processing, construction engineering and project management, logistics with 
transportation and distribution, military, and health care. Simulation can help to save 
money by doing an analysis before implementation. For example, the project 
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“Simulation Implements Demand-Driven Workforce Scheduler for Service Industry” 
in 2007 saved about $80 million for client’s US facilities (Banks, 2009). 
A system was defined as a group of objects that were joined together in some regular 
interactions or interdependence toward the accomplishment of some purpose. A 
system can always be affected by the changes occurring outside the system, and by 
the system’s environment (Gordon, 1978). In simulation it is also required to 
determine the boundary between the system and its environment. In simulation an 
entity, attribute, activity, state, and event should be defined. An entity was an object 
of interest in the system. An attribute was a property of an entity. An activity 
represented a time of specified length. The state of a system was defined to be the 
collection of variables necessary to describe the system at any time, relative to the 
objectives of the study. For example, the possible states of a counter in a shop can be 
busy or idle. An event was defined as an instantaneous occurrence which may change 
a state of the system. More examples were shown in Table 2.1, including the systems 
about banking, production, and inventory. 
Table 2.1 Examples of Systems and Their Components (Banks, 2009) 
System Banking Production Inventory 
Entities Customers Machines Warehouse 
Attributes 
Checking-account 
balance 
Speed, capacity, 
breakdown rate 
Capacity 
Activities Making deposits Welding, stamping Withdrawing 
Events Arrival, departure Breakdown Demand 
State Variables 
Number of busy 
tellers, number of 
customers waiting 
Status of machines 
Levels of inventory, 
backlogged 
demands 
 
The system can be categorized as discrete or continuous. The state variables in a 
discrete system changed only at a discrete set of points in time, while in a continuous 
system they were changing over time. “Few systems in practice are wholly discrete or 
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continuous, but since one type of change predominates for most systems, it will 
usually be possible to classify a system as being either discrete or continuous” (Law, 
2007). 
The common steps in simulation were shown in Figure 2.1 (Shannon, 1975; Gordon, 
1978; Law, 2007; Banks, 2009).  The study always started with the statement of the 
problem. And then the objectives indicated the questions answered by the simulation 
and the overall plan should be determined. Model conceptualization and data 
collections were the following steps, which can be processed at the same time, and it 
was better to involve the model user in model conceptualization. After these two steps 
completed, the information of the real-world systems/problems should be translated 
into computer languages, and the model can be entered into the computer for 
processing. Then the prepared computer program for the simulation model should be 
verified. Verification meant whether the computer program’s performing was proper 
or not. If it was verified, it can be processed to validation; otherwise, it should go 
back to model translation. Validation was to compare the simulation model with the 
actual model behavior. They need to be consistent. Otherwise, the model must be re-
conceptualized and data collection re-done. After the model was found to be 
acceptable, experiments can be designed and run to obtain the results. Analysis should 
be based on the results, and the analyst can determine whether additional runs were 
needed or not. Documentation and reporting should be prepared when everything had 
been completed. The success of the implementation phase depended on the 
performance of the previous steps. 
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Problem 
formulation
Objectives and 
overall plan 
determination
Model 
conceptualization
Data collection
Model translation
Verified?
Validated?
Experimental design
Production runs and 
analysis
More runs?
Documentation and 
reporting
Implementation
No
Yes
No No
Yes
No
Yes Yes
 
Figure 2.1 Steps in a simulation model 
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A simulation model can present a “real world” problem much better than a 
mathematic model, because it can combine more complicated variables into the 
model. It required having a clear understanding and idea of the goals and objectives of 
the problem, and the model can be created to analyze it. It tended to emphasis 
dynamic, quantitative analysis. It was easier and freer to change the values of the 
variables in a simulation model, and the results can be obtained with less 
inconvenience. 
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Chapter 3 Rationales 
Following the steps shown in Figure 2.1, the problem should be stated. As more and 
more undergraduate graduates prefer to continue to graduate schools, the governments 
need to invest more on the graduate education theoretically. Some job positions 
require the employee with a higher degree than bachelors’, and the salaries are higher. 
It is a reasonable question to ask whether it is worth an additional investment to 
obtain a master/PhD. Does he/she have positive economic impacts on the government 
taxes paid and community compared with a person who only has a bachelor’s degree? 
To answer these questions, five specific objectives were formulated as follows. 
1. Create a chain to show the cash flows for an individual to simulate their 
expenditures. In this chain, governments that eventually receive the taxes and 
some businesses in the communities that collect sales were represented to model 
the expenditures of an individual holding a bachelor’s degree or an advanced 
degree. Using different values of the parameters with a higher degree, the 
difference of the economic impacts was obtained. 
2. Estimate the economic impact of the income increasing for an individual with the 
graduate’s degree on the annual taxes paid to governments. As collateral evidence, 
a regression model indicating the impact on the government income was obtained. 
The results and the trends of the outputs by changing the inputs were compared 
between the two models to see whether the simulation model was validated. 
3. Estimate the total amount of taxes paid to the government for an individual by 
simulating the whole life of the career. And then obtain the economic impact of 
the income changed for an individual with the graduate's degree at the beginning 
of the career on the total taxes paid to government. The results and the trends of 
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the outputs by changing the inputs were compared between the two models to see 
whether the simulation model was acceptable. 
4. Detect the trends of the impact to the government with the values of parameters 
changed. 
5. Detect the impact to the government with the tax rate decreased. If the tax rate 
was decreased, the income after tax would be increased for an individual, and the 
individual can have more expenditures. Though the government has fewer income 
taxes, more expenditure can bring more consumer taxes to the government. 
In this research, the individuals who were full time employees received bachelors’ 
degrees or higher were selected to be the subject investigated. 
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Chapter 4 Methodology 
A simulation model was utilized in this research. To achieve the objectives, the model 
included the income of an individual and his/her expenditures. The developed model 
defines the variables definition, the variables assignments, the cash flows, functions 
implementation, and the results. 
 
Figure 4.1 Flow chart for the contribution of an individual’s income 
The main variables in the model were characteristics of individuals (such as ages and 
education), incomes, income taxes, annual expenditures in various categories, and 
sales taxes. The cash flow shown in Figure 4.1 represented the income to the 
individual and the impact of money spent by the individual. Figure 4.1 includes 
income taxes, sales taxes on consumption of goods and services, payments to workers 
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and the increased contributions of the workers caused by the individual spending, and 
the part of investments on expanding their companies contributed by the individual. 
The dashed lines show the impact of consumer spent on expanded facilities. The 
individual with different characteristics can have different levels of incomes and 
patterns of expenditures. 
4.1 Data Collection 
This research focused on the economic impact on the government/community of a 
Master’s degree or PhD degree in engineering compared with a Bachelor’s degree in 
engineering. The impact was focused on the increased taxed paid, and thus the 
increased taxable income and the taxable expenditures of an individual were the key 
values. To obtain the useful data, many federal documents available on websites 
providing survey results and statistics results were reviewed. The US Bureau of Labor 
Statistics was the most helpful source for the expenditures data, since the historical 
data there were official and comprehensive. The UNL Career Services office also 
provided individuals’ immediate incomes into the career and US Bureau of Labor 
Statistics offered the statistical descriptions of persons’ incomes. 
The individuals’ income goes to different cash flow streams, including income taxes 
to the government, savings, investments, and expenditures. As shown in US Bureau of 
Labor Statistics (2011), the seven major expenditure categories included for US 
intergroup were food, housing, apparel and services, transportation, health care, 
entertainment, and other expenditures. The part of expenditures focused on in this 
research was the taxable expenditures. The taxable foods included the food away from 
home and alcoholic beverages. The taxable housing included owned dwellings and 
some utilities. All apparel and services were taxable. The taxable transportation 
included vehicle purchases, gasoline, and vehicle rental, leases and licenses. The 
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taxable health care was the cost of medications. All entertainments were taxable. The 
main part in the other expenditures focused in this research was the cash contribution, 
which can result in tax deductions or credits. The money for saving and investments 
would increase the personal income before taxes, but it was difficult to estimate how 
much it contributed to the taxable income. 
Since analysis of money should include the time value of money through a long time 
period, this research considers money followed over only one year and the time value 
of money was not considered. The percentages of expenditures in the after taxes 
income were calculated from the historical data, and fitted to appropriate 
distributions. From the percentages and the after taxes incomes, consumptions on 
each expenditure component can be obtained, and the sales taxes were calculated with 
the corresponding tax rates. Individuals’ incomes also were also fitted to an 
appropriate distribution from the historical data. The income taxes were obtained with 
the corresponding tax rate table for different individuals with different information. 
4.2 Input Analysis 
Historical data need to be analyzed and then be utilized in the simulation models. 
Input Analyzer in Arena was utilized to deal with the historical data. The software can 
give a statistical report for the data imported. In the statistical report, the sample size, 
the range, the minimum value, and the maximum value were indicated. Several 
intervals of the data were separated into, and the number of data in each interval 
called frequency was counted. The histogram was drawn based on the information. As 
well, in the software, various distributions were fitted for the histogram, and squared 
errors for each distribution were calculated. The best-fitted distribution can be 
selected with the smallest squared error. 
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The parameters generated in Input Analyzer were different from the parameters 
utilized in MATLAB for some of the distributions including the lognormal 
distribution, the Weibull distribution, and the triangular distribution. The parameters 
of the lognormal distribution in Input Analyzer were the mean value and the standard 
deviation value, while in MATLAB the parameters were the μ and σ in the 
corresponding normal distribution. The mean value was assumed to be N, and the 
standard deviation value was set to be M. For the lognormal distribution, there were 
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By solving the system of equations, the parameters utilized in MATLAB can be 
obtained as 
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In Input Analyzer, the parameters for Weibull distribution were the scale parameter 
(λ) and the shape parameter (k). The distribution can be expressed as 
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There was another expression of the Weibull distribution utilized in MATLAB with 
parameters α and β shown as 
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By the comparison of the two expressions, the parameters can be transported to each 
other, and they were 
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There was no direct statement to generate random number from triangular 
distributions. The random number from the triangular distribution can be obtained as 
the value of the variable in the distribution corresponding to the specific cumulative 
probability generated randomly. The cumulative probability of the triangular 
distribution was 
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where a was the lower limit, b was the upper limit, and c was the mode in the 
distribution. 
The cumulative probability generated was assumed to be "u" which was in the range 
of [0, 1]. If u was larger than 
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

),,;( , the value of the variable was in the 
range of (c, b]; otherwise, the value of the variable was in the range of [a, c]. The 
value of the variable, x, can be solved from the expression of the cumulative function 
distribution as 
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Then all distributions fitted in Input Analyzer can be realized in MATLAB. 
4.3 The Basic Function Realization 
In this research, the impact of education is an important component of the study. The 
following example is to indicate the effect with different levels of education, Bachelor 
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(0) and higher than Bachelor (1). It is assumed that the sunk cost of the initial cost of 
the university is ignored. 
The tax revenues obtained by the governments were the main indicator to present the 
impacts. Total tax revenues received by the governments should be the sum of the tax 
revenues received by the federal government and the tax revenues received by the 
state & local government. The tax revenues can be presented by the following 
equations. 
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where 
TR : the total tax revenues; 
FTR : the federal tax revenues; 
STR : the state tax revenues; 
Income : an individual’s income; 
rif : the federal income tax rate; 
ris : the state income tax rate; 
rs : the sales tax rate; 
pc : the percentage of the after taxes income on each category of the expenditures; 
pe : the percentage of the direct expenditures paid to the employees in the 
corresponding places; 
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ps : the percentage of the individual’s income to stop adding the indirect contributions. 
In the model, Income and pc can be generated randomly from the corresponding 
distributions obtained from the raw data. The other parameters including rif, ris, rs, pe, 
and ps were set to be specific values. The indirect tax revenues received by the 
government from one individual were stopped to be added when the expenditures of 
all employees were less than ps of the individual's income. 
Table 4.1 The summary of data for consumers with BD 
Income before 
Taxes 
Expenditures 
Categories 
Percentages 
Consumptions 
including Taxes 
Sales 
Tax 
Rate 
Normal 
Distribution 
(mean, 
variance) = 
Normal (74597, 
256963703) 
 
FoodH Uniform(0.048,0.091) 
rTaxIncomeAfte
Percentage 
 
0 
FoodAH Uniform(0.041,0.051) 7% 
ABev Uniform(0.005,0.010) 7% 
OHou Uniform(0.107,0.189) 0 
RHou Uniform(0.030,0.090) 0 
HR&M Uniform(0.049,0.131) 7% 
Utilities Uniform(0.045,0.088) 0 
Cloths Uniform(0.027,0.043) 7% 
NVeh Uniform(0.022,0.040) 7% 
UVeh Uniform(0.016,0.037) 7% 
Gasoline Uniform(0.021,0.053) 7% 
VehIns Uniform(0.012,0.023) 0 
HeIns Uniform(0.019,0.026) 7% 
HIns Uniform(0.018,0.034) 0 
Ent Uniform(0.039,0.047) 7% 
TobP Uniform(0.002,0.011) 7% 
others Uniform(0.034,0.131) 7% 
Saving  
17
1
1
i i
percentage  0 
 
The raw data were obtained from annual reports of the US Bureau of Labor Statistics. 
The history data utilized here was from 2000 to 2010. A sample of the raw data was 
shown in Appendix A. Part of the expenditure categories shown were taxable and the 
others were not. By combining some of categories, there were 18 categories indicating 
the different directions of their expenditures, including food at home (FoodH), food 
away home (FoodAH), alcoholic beverages (ABev), owned housing (OHou), rented 
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housing (RHou), house repair and maintenance (HR&M), utilities, clothes, new 
vehicle (NVeh), used vehicle (UVeh), gasoline, vehicle insurance (VehIns), 
healthcare excluding insurance (HeIns), health insurance (HIns), entertainment (Ent), 
tobacco products (TobP), other expenditures (others), and saving. The data were the 
average money consumed on each category. After combining, the money also was 
added together for each category summarized above. 
Table 4.2 The summary of data for consumers with higher than BD 
Income before 
Taxes 
Expenditures 
Categories 
Percentages 
Consumptions 
including Taxes 
Sales 
Tax 
Rate 
Normal 
Distribution 
(mean, 
variance) = 
Normal (96195, 
382263178) 
 
FoodH Uniform(0.039,0.070) 
rTaxIncomeAfte
Percentage 
 
0 
FoodAH Uniform(0.036,0.046) 7% 
ABev Uniform(0.006,0.009) 7% 
OHou Uniform(0.108,0.164) 0 
RHou Uniform(0.020,0.054) 0 
HR&M Uniform(0.066,0.123) 7% 
Utilities Uniform(0.038,0.072) 0 
Cloths Uniform(0.022,0.039) 7% 
NVeh Uniform(0.020,0.036) 7% 
UVeh Uniform(0.010,0.034) 7% 
Gasoline Uniform(0.017,0.049) 7% 
VehIns Uniform(0.010,0.024) 0 
HeIns Uniform(0.018,0.024) 7% 
HIns Uniform(0.017,0.033) 0 
Ent Uniform(0.038,0.054) 7% 
TobP Uniform(0.001,0.010) 7% 
others Uniform(0.061,0.150) 7% 
Saving  
17
1
1
i i
percentage  0 
 
Utilized the consumption on each category divided by the after tax income, the 
percentage of each category’s expenditure was obtained. The percentages for each 
category from year 2000 to 2010 were fitted to an appropriate distribution. The 
average money spent by person with Bachelor’s Degree (BD) and with higher than 
BD was shown respectively in the report, and as well as the all consumers units. 
Uniform distribution was considered to be utilized in this case. A summary of the 
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distributions was shown in Table 4.1. The incomes were estimated as normally 
distributed with the sample mean and variance. 
The persons with a degree higher than BD had both larger mean and variance if the 
income distributions compared to the persons only holding a BD. The other column 
should be the same based on the consistent policy. 
There was also a summary of all consumers’ data, which was not only including the 
consumer who was a college graduate but also including the consumer who was not a 
college graduate. The mean of their incomes’ distribution was smaller than the above 
two means, but the variance was larger than the above two variances. 
Table 4.3 The summary of data for all consumers units 
Income before 
Taxes 
Expenditures 
Categories 
Percentages 
Consumptions 
including Taxes 
Sales 
Tax 
Rate 
Normal 
Distribution 
(mean, 
variance) = 
Normal (56219, 
49415145) 
 
FoodH Uniform(0.057,0.073) 
rTaxIncomeAfte
Percentage 
 
0 
FoodAH Uniform(0.041,0.051) 7% 
ABev Uniform(0.007,0.009) 7% 
OHou Uniform(0.102,0.112) 0 
RHou Uniform(0.042,0.049) 0 
HR&M Uniform(0.122,0.137) 7% 
Utilities Uniform(0.056,0.062) 0 
Cloths Uniform(0.028,0.045) 7% 
NVeh Uniform(0.020,0.042) 7% 
UVeh Uniform(0.021,0.043) 7% 
Gasoline Uniform(0.026,0.044) 7% 
VehIns Uniform(0.015,0.019) 0 
HeIns Uniform(0.021,0.026) 7% 
HIns Uniform(0.024,0.030) 0 
Ent Uniform(0.041,0.046) 7% 
TobP Uniform(0.005,0.008) 7% 
others Uniform(0.013,0.108) 7% 
Saving  
17
1
1
i i
percentage  0 
 
The distributions shown in Table 4.3 were utilized for the normal consumers who 
were not specified by their education levels. The other columns were still kept the 
same according by the tax policy. For real estates, there was no sales tax but the 
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mortgage tax stamp and deed taxes. In the first year, when a vehicle was bought, sales 
taxes should be paid. The tax rate for vehicle was about 7%. As well, motor vehicle 
taxation should be paid to the government every year for the motor vehicles owned. 
For the food away home and alcohol beverages, there was also occupation taxes 
except sales taxes, and the sales taxes were on the sales prices added the occupation 
taxes on it. The occupation taxes rate were 2.5% in Nebraska, and the occupation 
taxes were remitted to the city. The sales taxes rate was 7%, and the sales taxes were 
remitted to Nebraska Department of Revenue. 
Table 4.4 Federal income tax brackets for singles in 2011 
Single, 2011 
Marginal Tax Rate 
Tax Brackets 
Over But Not over 
10.0% $              0 $      8,500 
15.0% $      8,500 $    34,500 
25.0% $    34,500 $    83,600 
28.0% $    83,600 $  174,400 
33.0% $  174,400 $  379,150 
35.0% $  379,150 
 
 
In this example, the consumers were assumed to be single to simplify the analysis, 
and the income tax policy for singles in 2011 was utilized. The federal income tax 
brackets were shown in Table 4.4. The state income tax brackets were shown in Table 
4.5. So the effective tax rates can be calculated as shown in Table 4.1, Table 4.2, and 
Table 4.3. The federal income taxes and the state income taxes can be calculated 
separately, and the income taxes were the sum of the two parts. 
Half of the direct expenditures were estimated to be paid to the employees working at 
the corresponding places in the example. The indirect contribution of an individual 
was realized in the “while” loop. The indirect contributions would not be added if the 
increased expenditures of the workers were less than 1% of the individual’s income. 
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In the loop, the percentages of expenditures were obtained from the distributions for 
all consumers units, which were not specified by different characteristics. 
Table 4.5 State income tax brackets in 2011 
Effective Tax Rate 
Tax Brackets 
Over But Not over 
2.56% $              0 $      2,400 
3.57% $      2,400 $    17,500 
5.12% $    17,500 $    27,000 
6.84% $    27,000 
 
 
There was an example to show the cash flows about a restaurant for a consumer with 
a bachelor's degree in Figure 4.2. 
 
Figure 4.2 Cash flows about restaurant for a consumer with a bachelor's degree 
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One individual can have 18 categories of expenditures including saving, and the 
employees in the restaurant can get parts of the money as the source of their incomes. 
The employees would also have those 18 categories of expenditures, and sales tax 
revenues can be obtained from them as the indirect contributions from the individual. 
Each employee had those 18 categories of expenditures, and a tree for the 
expenditures level by level can be created. 
All taxes were added together as the contribution of an individual to the government. 
As shown, the individuals were sorted out by holding BD or higher degree. The 
impact was indicated as the ratio of the contributions, the ratio of the difference of the 
contributions and the difference of the income, and the difference between the taxes. 
013
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where 1 indicated the parameters were for an individual holding higher degree than 
BD, and 0 indicated the parameters were for an individual holding BD. The results of 
impacts were shown in Table 4.6 for the total 10 trials. 
Because the amount on the consumptions generated in the program was the total 
amount paid by the individual, if there were sales taxes for the consumptions, and the 
amount was "C", the sales taxes would be 
07.1
07.0
C
SalesTaxes  . 
For the food away home and alcohol beverage items, the sales taxes were on the sales 
prices added by the occupation taxes, so the sales taxes calculated would be  
07.1
07.0
07.1025.1
025.107.0
CC
SalesTaxes 

 . 
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The mean of impact1 was 1.41, and the variance was 0.166. The mean of impact2 was 
0.24 with the variance 0.00017. The average difference between taxes was 6125 
dollars and the variance was 2.46×10
7
. The contributions from an individual with 
higher degree than BD were increased by 1.41 compared with an individual with BD. 
With $ 1 increased for their incomes, $ 0.24 was expected to be increased as the 
contribution to the government. 
Table 4.6 Summary of the results 
 
Income Taxes ($) Sales Taxes ($) Taxes ($) 
Impact 1 Impact 2 Impact 3 ($) 
BD (0) Higher (1) BD (0) Higher (1) BD (0) Higher (1) 
1 12140 16761 3335 4564 15475 21325 1.39 0.24 5849 
2 8470 20074 2499 5511 10969 25585 2.33 0.23 14616 
3 13801 15302 3805 4081 17606 19383 1.10 0.22 1777 
4 14284 25365 3950 6785 18233 32150 1.76 0.23 13917 
5 10015 16943 2790 4581 12805 21524 1.68 0.23 8720 
6 16973 17852 4785 4910 21757 22762 1.05 0.21 1005 
7 16968 21312 4593 5793 21561 27104 1.26 0.24 5543 
8 13316 17654 3743 4947 17058 22601 1.32 0.24 5543 
9 14402 17091 3961 4901 18363 21992 1.20 0.25 3629 
10 13948 14416 3869 4053 17817 18469 1.04 0.26 653 
 
There were three outputs in the basic model. The outputs of the impacts (Impact1, 
Impact2, and Impact3) were selected to provide rapid and discrete comparison 
between the bachelor's degree and the advanced degree. 
For example, a $21,000 annual raise for a person holding a Master’s Degree (MD) can 
result in approximately $5,040 per year in more total taxes. The taxes here were 
combined of federal taxes and state taxes together and they were estimated as the 
values in the state of Nebraska. Using a 5% cost of money and assuming the tax 
receipts being constant, the present worth of the taxes along n years can be estimated 
as  
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where i was the interest rate, and A was the annuity amount each year. 
Assume a student to obtain the MD were spent $30,000 more by the government 
which was appropriately one third of the total costs on the degree, which was a 
present value. The government can be repaid in 8 years, which was got by solving 
)%,5,/(5040$30000$ nAP . 
Normally in the real world, the individual income always can be grown year by year. 
The raise of the income can shorten the payback period, since there were more taxes 
paid to the government.  It can be estimated by modeling the situation along the time. 
If a consistent rate of the taxes’ growth paid to the government was assumed to be 
3%, utilizing geometric gradient method, the payback period can be estimated by 
solving 
ji
ij
APW
nn



)1()1(1
1 , 
where PW = $30000, A1 = $5040, i = 5%, and j = 3%. The government can be repaid 
in approximately 7 years, which was one year early. 
4.3 Model for the Whole Life of Career 
Based on the basic model in Section 4.2, the whole life of career can be simulated. 
Every 10 years were categorized as one stage. The first stage was in the period less 
than 25 years old, the second stage was in the period from 25 years old to 34 years 
old, and the third stage was in the period from 35 years old to 44 years old, and so on. 
The last stage of the career was defined as the period from 55 years old to 64 years 
old. 
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The individuals only with bachelor's degree would begin their career life from 22 
years old, and the individuals with higher degree would start their career life from 25 
year old. The initial incomes of different groups of people were from different 
distributions, and the income would be changed every stage by a rate obtained from a 
corresponding distribution. The distributions of percentages for each consumption 
category were different in different stages, and the distributions were simulated from 
the historical data. The annual taxes can be obtained for each year. Using the 
economic principle, the difference of the present worth of total taxes can be calculated 
to indicate the economic impact. 
The taxes received by the government each year were obtained utilizing the method 
shown in Section 4.2. The present worth of the taxes received for the whole life of 
careers can be calculated based on the taxes received each year and the effective 
annual interest rate. 
  nn iTaxPW )1( , 
where PW was the net present worth of the taxes received each year, Taxi was the 
taxes received in the n
th
 year, and i was the effective annual interest rate. 
The economic impact for the whole life of careers was based on the present worth of 
the taxes. The difference of the present worth between the individual who only 
received a bachelor's degree and the individual who received a higher degree was 
utilized to indicate the impact of the higher than bachelor degree. 
4.4 Tax Rates Changing 
In the example, the individuals were assumed to be single and the income tax rates in 
2011 for singles were utilized. 
Income tax rates vary depending upon the filing status of the taxpayer. The five 
categories of filing status were single, married filling a joint return, married filling 
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separate returns, head of household, and qualifying widower with dependent child. In 
the future study, these five categories should be included in the model, either as the 
factor which might affect the contribution, or as the structure of all individuals no 
contribution on the impacts. 
As studies, the tax rates can be changed caused by time or other factors, such as to 
increase the income of the government, to stimulate consumptions, to stimulate 
investments. By changing the tax rates or tax policy, the corresponding impacts can 
be estimated. For example, if the government decreased the income tax rates, there 
would be more expenditure in the market. For the government, income taxes were 
reduced but sales taxes should be increased. It was difficult to conclude whether it 
was beneficial or not for the government’s income. 
4.5 Sensitivity Analysis 
Sensitivity analysis should be conducted by changing the range of corresponding 
parameters. The parameters would include the percentage of direct expenditures 
paying to the workers, and the condition to stop the indirect contributions in the basic 
model. There was one more parameters changed in the whole career life model, which 
was the effective annual interest rate utilized for the present worth.  
The method to show the sensitivity analysis was the figures of the corresponding 
indicators changed with the changes of the parameters. If the indicator was changed 
significantly with the changes of one parameter, the parameter was sensitive for this 
indicator. If there was no significant shift to the indicator with the changes of the 
parameter, the parameter was inferred to be insensitive for the parameter. 
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Chapter 5 Input Modeling 
Input models can provide the driving force for a simulation. In the simulation in this 
research, the input models included the distributions of salaries for different groups of 
people, percentages of salaries changed from one stage to another, and percentages of 
expenditures on different categories of consumptions for different groups of people. 
The resources of the historical data collected were shown in Chapter 4. The models 
were developed from the data so that simulation can randomly select from the 
distribution with given parameters 
5.1 Input models for the salaries of different groups of individuals 
The input analysis in Arena (Banks, 2009) was utilized to obtain the distributions of 
history data. The history data included the individual salaries and individual 
expenditures. Input Analyzer can identify the distributions with data. 
 
Figure 5.1 Histogram of the individuals' salaries with bachelor's degree 
As indicated by Input Analyzer, different distributions from the census reports were 
fitted for the salary data of all individuals disregarding their majors who only received 
bachelor's degree. The histogram to present history data of their salaries was shown in 
Figure 5.1, and the squared errors for different distributions were shown in Table 5.1. 
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There were 9650 data points for the individuals' salaries with bachelor's degree. The 
range of their salary was from 1×10
4
 dollars to 1.5×10
5
 dollars per year. The sample 
mean of them was 3.41×10
4
 dollars per year, and the standard deviation was 
1.22×10
4
. 
Table 5.1 Squared error of different distributions for all bachelor' salaries 
Functions Squared Error 
Beta 0.00619 
Gamma 0.00816 
Normal 0.00966 
Weibull 0.01250 
Lognormal 0.02850 
Triangular 0.04600 
Exponential 0.04860 
Uniform 0.06950 
 
As seen in Table 5.1, the best distribution with smallest squared error (0.00619) was 
)1.18,63.3(104.1101 54 BETA  dollars, where 3.63 was the α value and 18.1 was 
the β value of the beta distribution. 
 
Figure 5.2 Histogram of the individuals' salaries with higher degree 
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In the database indicated in Figure 5.2, there were 5837 data points for the individuals' 
salaries with higher than bachelor's degree disregarding the majors. The range of their 
salary was from 1×10
4
 dollars to 1.8×10
5
 dollars per year. The sample mean of them 
was 4.63×10
4
 dollars per year, and the standard deviation was 2×10
4
. 
Table 5.2 Squared errors of different distributions for all individuals' salaries 
with higher degree 
Functions Squared Error 
Beta 0.00494 
Gamma 0.00505 
Weibull 0.01190 
Normal 0.01320 
Lognormal 0.01720 
Triangular 0.03680 
Exponential 0.04340 
Uniform 0.05660 
 
As shown in Table 5.2, the best distribution for all individuals who had higher degree 
than bachelor's with smallest squared error (0.00494) was 
)7.13,73.3(107.1101 54 BETA dollars, where 3.73 was the α value and 18.1 was 
the β value of the beta distribution. 
Table 5.3 Squared errors of different distributions for bachelor' salaries major 
in engineering 
Functions Squared Error 
Normal 0.00410 
Beta 0.00438 
Gamma 0.00589 
Weibull 0.01150 
Lognormal 0.02310 
Triangular 0.04960 
Exponential 0.07620 
Uniform 0.07840 
 
After distributions fitted, the best distribution for individuals' salaries with bachelor's 
degrees was a normal distribution, and the parameters were shown in Table 5.3. As 
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seen, the distribution with smallest squared error was a normal distribution with the 
mean being 4.54×10
4
 and the standard deviation being 1.03×10
4
. 
 
Figure 5.3 Histogram of the individuals' salaries with bachelor's degree major in 
engineering 
The histogram was shown in Figure 5.3. The minimum salary for them was 1.2×10
4
 
dollars per year, and the maximum salary was 1.47×10
5
 dollars per year for the 
individuals who just received bachelor's degrees. 
Table 5.4 Squared errors of different distributions for individuals' salaries with 
higher degrees major in engineering 
Functions Squared Error 
Normal 0.00652 
Beta 0.00776 
Weibull 0.00856 
Gamma 0.01190 
Triangular 0.02060 
Lognormal 0.04000 
Uniform 0.05370 
Exponential 0.06190 
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The best distribution fitted for the annual salaries of individuals with higher degrees 
major in engineering was also a normal distribution with the smallest squared error 
equaling 0.00652. As seen in Table 5.4, the square error of the normal distribution 
was less than the others, and 0.00028 less than the second best distribution, the Beta 
distribution. There were 510 data points, and the minimum data value was 1.6×10
4
 
dollars each year. The maximum data value was 1.2×10
5
 dollars each year. The 
maximum data value for the individuals with higher degrees was a little less than the 
maximum data value for the individuals with bachelor's degrees. 
 
Figure 5.4 Histogram of the individuals' salaries with higher degrees major in 
engineering 
As indicated in Figure 5.4, the normal distribution was with the mean being 5.31×10
4
 
and the standard deviation being 1.56×10
4
. 
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5.2 Input models for the percentages of salaries changed from one stage to 
another 
The individuals' salaries were fitted, and the distributions utilized were shown in 
Section 5.1. They were the same as the distributions utilized here to generate the 
initial salaries when he/she went into the career. The whole life of career was divided 
into five stages. The first stage was for the individual's age less than 25 years. The 
second stage was for the age from 25 years to 34 years. The third stage was for the 
age from 35 to 44 years. The fourth stage was for the age from 45 to 54 years. And 
the fifth stage was for the age from 55 to 64 years. An individual was estimated to 
retire when he/she became 65 years old, and the career was ended. For an individual 
who just received a bachelor's degree, it was normal to graduate at 22 years old, so the 
first stage was for the individual's age from 22 to 24 years. For an individual who 
received a higher degree, the earliest date to graduate was estimated to be 25 years 
old, so there were zero years in the first stage. 
When the individual started the career, the salary may be changed year by year. In this 
research, the changes were estimated stage by stage. History data were analyzed and 
fitted to find a proper distribution to simulate its changes. Since there were only three 
years in the first stage for the individuals who received bachelor's degrees, the change 
from the first stage to the second one was ignored in the analysis to keep the 
consistence between the individuals with bachelor's degrees and with higher than 
bachelor's degrees. The education level was ignored to analyze the changes of 
salaries. There were 11 data points for every change to be fitted, and the history data 
were from 2000 to 2010. 
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Figure 5.5 Changes from the 2nd to the 3rd stage 
As seen in Figure 5.5, the distribution followed by the changes of salaries from the 
second stage to the third was triangular (1.17, 1.29, 1.36) with the smallest square 
error being 0.00514. 
 
Figure 5.6 Changes from the 3rd to the 4th stage 
As indicated in Figure 5.6, the proper distribution utilized for the changes of salaries 
from the third stage to the fourth was 1+gamma (0.00938, 5.65) with the smallest 
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square error being 0.0170. In the gamma distribution, the rate parameter β was 
0.00938, and 5.65 was the shape parameter α. 
 
Figure 5.7 Changes from the 4th to the 5th stage 
As shown in Figure 5.7, the distribution followed for the changes of salaries from the 
fourth stage to the fifth stage can be 0.81+0.08×beta (1.23, 0.986) with the smallest 
square error being 0.0343. 
5.3 Input models for the percentages of expenditures 
The expenditures distributions should be analyzed for different groups of people. For 
every distribution, there were 11 data points. Each data point indicated the average 
percentage per person of expenditures for the corresponding category in that year. The 
data points were for the years from 2000 to 2010 for each distribution. 
The results for different groups of individuals categorized by their education levels 
were shown in Table 5.5, Table 5.6, and Table 5.7. Each set of data were fitted for the 
following common distributions including Exponential, Beta, Lognormal, Weibull, 
Gamma, Normal, Triangular, and Uniform distributions. The distribution with 
smallest squared error was selected to be utilized in the simulation model. 
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Table 5.5 Expenditures' Distributions fitted for the persons with Bachelor's 
Degree 
Categories Distributions Selected 
Squared 
Error 
Histograms 
Food at Home 0.04+Exponential(0.014) 0.0444 
 
Food away 
Home 
0.03+Weibull(0.0159,5.29) 0.00174 
 
Alcohol 
Beverage 
Weibull(0.00868,10.4) 0.0117 
 
Owned House 0.09+Lognormal(0.0374,0.0205) 0.0655 
 
Rented House 0.02+Lognormal(0.0183,0.00978) 0.0194 
 
House Repair & 
Maintenance 
Triangular(0.04,0.11,0.14) 0.232 
 
Utilities 0.04+0.06*Beta(0.406,1.93) 0.0466 
 
Cloths 0.02+Lognormal(0.0131,0.0049) 0.0272 
 
New Vehicle Triangular(0.02,0.023,0.05) 0.0784 
 
Used Vehicle 0.01+Lognormal(0.0151,0.00798) 0.0428 
 
Gasoline 0.01+Lognormal(0.0187,0.00736) 0.0502 
 
Vehicle 
Insurance 
0.01+Lognormal(0.00519,0.00243) 0.0160 
 
Healthcare 
excluding 
Insurance 
0.01+Lognormal(0.011,0.00199) 0.0336 
 
Health Insurance 0.01+Lognormal(0.0126,0.00368) 0.0197 
 
Entertainment 0.03+Lognormal(0.0129,0.00302) 0.0498 
 
Tobacco Product Lognormal(0.00311,0.00149) 0.0658 
 
Other 
Expenditures 
0.02+Weibull(0.104,5.18) 0.0572 
 
 
44 
 
 
 
Table 5.6 Expenditures' Distributions fitted for the persons with Higher Degree 
Categories Distributions with Parameters 
Squared 
Error 
Histograms 
Food at Home 0.03+Lognormal(0.015,0.00571) 0.0615 
 
Food away 
Home 
Normal(0.0405,0.00292) 0.00296 
 
Alcohol 
Beverage 
0.01*Beta(7.51,3.12248) 0.0211 
 
Owned House 0.1+Lognormal(0.0202,0.016) 0.0454 
 
Rented House 0.01+Lognormal(0.0162,0.00656) 0.150 
 
House Repair & 
Maintenance 
Triangular(0.06,0.109,0.13) 0.232 
 
Utilities 0.03+Exponential(0.0126) 0.0279 
 
Cloths 0.01+Lognormal(0.0186,0.00538) 0.00559 
 
New Vehicle 0.01+0.03*Beta(3.53,2.7) 0.0112 
 
Used Vehicle 0.04*Beta(5.63,6.74544) 0.0339 
 
Gasoline 0.01+Lognormal(0.0134,0.00647) 0.0347 
 
Vehicle 
Insurance 
0.03*Beta(11.7,13.9954) 0.0312 
 
Healthcare 
excluding 
Insurance 
0.01+Lognormal(0.00989,0.00157) 0.0185 
 
Health Insurance 0.01+Lognormal(0.0106,0.00371) 0.0209 
 
Entertainment 0.03+Lognormal(0.0109,0.00315) 0.149 
 
Tobacco Product Lognormal(0.00191,0.00127) 0.0120 
 
Other 
Expenditures 
0.05+Weibull(0.0882,4.74) 0.0664 
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Table 5.7 Expenditures' Distributions fitted for the all persons ignoring their 
education level 
Categories Distributions with Parameters 
Squared 
Error 
Histograms 
Food at Home 0.05+Lognormal(0.013,0.00467) 0.0269 
 
Food away 
Home 
0.04+0.02*Beta(2.42,5.5) 0.0196 
 
Alcohol 
Beverage 
0.01*Beta(26.3,7.18603) 0.000399 
 
Owned House Normal(0.108,0.00323) 0.0627 
 
Rented House Triangular(0.04,0.047,0.05) 0.00334 
 
House Repair & 
Maintenance 
0.12+Exponential(0.00559) 0.0214 
 
Utilities 0.05+Lognormal(0.00859,0.0018) 0.0145 
 
Cloths 0.02+Lognormal(0.0138,0.00477) 0.00745 
 
New Vehicle 0.01+0.04*Beta(2.85,2.53) 0.0532 
 
Used Vehicle 0.01+Lognormal(0.0201,0.00793) 0.00424 
 
Gasoline 0.02+Lognormal(0.0136,0.00565) 0.0314 
 
Vehicle 
Insurance 
0.01+0.01*Beta(8.86,2.66) 0.0171 
 
Healthcare 
excluding 
Insurance 
0.02+0.01*Beta(2.43,4.91) 0.00805 
 
Health Insurance 0.02+Weibull(0.00659,3.02) 0.000641 
 
Entertainment Normal(0.0434,0.0015) 0.0414 
 
Tobacco Product 0.01*Beta(19.9,13.4509) 0.0351 
 
Other 
Expenditures 
0.09+Lognormal(0.0115,0.00465) 0.0574 
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The parameter in the exponential distribution generated by Input Analyzer was the 
mean value. For example, in Table 5.5, the preferred distribution for Food at Home 
was 0.04+Exponential (0.014), which meant the percentage of expenditures for Food 
at Home was the sum of 0.04 and a random number generated from an exponential 
distribution with the mean being 0.014. 
The parameters in the normal distribution generated by Input Analyzer were the 
mean, μ, and the standard deviation, σ. For example, in Table 5.6, the percentage of 
expenditures for Food away Home was generated randomly from a normal 
distribution with μ = 0.0405 and σ = 0.00296, recorded as Normal (0.0405, 0.00296). 
The parameters in the triangular distribution were the lower limit, a, the upper limit, b, 
and the mode, c. For example, in Table 5.5, the percentage of expenditures for House 
Repair & Maintenance was generated randomly from Triangular (0.04, 0.11, 0.14), 
where a = 0.04, b = 0.14, and c = 0.11. 
Table 5.8 Transaction from Input Analyzer to Matlab for Weibull distributions 
Groups of 
Persons 
Categories 
Expressions 
Input Analyzer Matlab 
Bachelor's 
Degree 
Food away 
Home 
0.03+Weibull(0.0159,5.29) 0.03+Weibrnd(3.27×10
9
,5.29) 
Alcohol 
Beverage 
Weibull(0.00868,10.4) Weibrnd(2.75×10
21
,10.4) 
Other 
Expenditures 
0.02+Weibull(0.104,5.18) 0.02+Weibrnd(1.24×10
5
,5.18) 
Higher 
Degree 
Other 
Expenditures 
0.05+Weibull(0.0882,4.74) 0.05+Weibrnd(9.97×10
4
,4.74) 
All Persons 
Health 
Insurance 
0.02+Weibull(0.00659,3.02) 0.02+Weibrnd(3.86×10
6
,3.02) 
 
The parameters in the beta distribution were the two positive shape parameters, 
typically denoted by α and β. The expected value can be presented as 



, and the 
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variance can be 
)1()( 2  

. For example, in Table 5.5, the percentage of 
expenditures for Utilities would be generated based on a random number from a beta 
distribution with α=0.406 and β=1.93, and it equaled the sum of 0.04 and the random 
number multiplied by 0.06. 
The parameters in the Weibull distribution were the shape parameter (k) and the scale 
parameter (λ). The mean of the distribution can be shown as )/11()( kxE   , and 
the variance was )()/21()( 22 xEkxVar   . For example, in Table 5.5, the 
percentage of expenditures for Food away Home can be generated from the equation 
0.03+Weibull (0.0159, 5.29). A random number in the expression was from the 
Weibull distribution with λ = 0.0159 and k = 5.29. But the parameters in the 
expression for Weibull distributions, "weibrnd (Α, Β)", in Matlab were different from 
the parameters in Input Analyzer of Arena. The value of Β equaled the value of k, and 
the value of Α can be expressed as k)/1(  . 
Utilizing the same example, the expression in Matlab should be weibrnd (3.27×10
9
, 
5.29) shown in Table 5.8. 
The parameters in the lognormal distribution were the mean value (E) and the 
standard deviation (S.D.). For example, the percentage of expenditures for Owned 
House in Table 5.5 was fitted as 0.09+Lognormal (0.0374, 0.0205). It indicated that 
the percentage would equal the sum of 0.09 and a random number from a lognormal 
distribution with the mean being 0.0374 and the standard deviation being 0.0205. 
However, the parameters in Matlab to generate a random number from a lognormal 
distribution were the mean (μ) and the standard deviation (σ) in the corresponding 
normal distribution. 
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Table 5.9 Transaction from Input Analyzer to Matlab for Lognormal Dist. 
Groups of 
Persons 
Categories 
Expressions 
Input Analyzer Matlab 
Bachelor's 
Degree 
Owned House 0.09+Lognormal(0.0374,0.0205) 
0.09+Lognrnd(-
3.42,0.513) 
Rented House 0.02+Lognormal(0.0183,0.00978) 
0.02+Lognrnd(-
4.13,0.501) 
Cloths 0.02+Lognormal(0.0131,0.0049) 
0.02+Lognrnd(-
4.40,0.362) 
Used Vehicle 0.01+Lognormal(0.0151,0.00798) 
0.01+Lognrnd(-
4.32,0.496) 
Gasoline 0.01+Lognormal(0.0187,0.00736) 
0.01+Lognrnd(-
4.05,0.380) 
Vehicle Insurance 0.01+Lognormal(0.00519,0.00243) 
0.01+Lognrnd(-
5.36,0.445) 
Healthcare ex. 
Insurance 
0.01+Lognormal(0.011,0.00199) 
0.01+Lognrnd(-
4.53,0.179) 
Health Insurance 0.01+Lognormal(0.0126,0.00368) 
0.01+Lognrnd(-
4.41,0.286) 
Entertainment 0.03+Lognormal(0.0129,0.00302) 
0.03+Lognrnd(-
4.38,0.231) 
Tobacco Products Lognormal(0.00311,0.00149) Lognrnd(-5.88,0.455) 
Higher Degree 
Food at Home 0.03+Lognormal(0.015,0.00571) 
0.03+Lognrnd(-
4.27,0.368) 
Owned House 0.1+Lognormal(0.0202,0.016) 
0.1+Lognrnd(-
4.15,0.698) 
Rented House 0.01+Lognormal(0.0162,0.00656) 
0.01+Lognrnd(-
4.20,0.390) 
Cloths 0.01+Lognormal(0.0186,0.00538) 
0.01+Lognrnd(-
4.02,0.283) 
Gasoline 0.01+Lognormal(0.0134,0.00647) 
0.01+Lognrnd(-
4.42,0.458) 
Healthcare ex. 
Insurance 
0.01+Lognormal(0.00989,0.00157) 
0.01+Lognrnd(-
4.63,0.158) 
Health Insurance 0.01+Lognormal(0.0106,0.00371) 
0.01+Lognrnd(-
4.60,0.340) 
Entertainment 0.03+Lognormal(0.0109,0.00315) 
0.03+Lognrnd(-
4.56,0.283) 
Tobacco Products Lognormal(0.00191,0.00127) Lognrnd(-6.44,0.605) 
All Persons 
Food at Home 0.05+Lognormal(0.013,0.00467) 
0.05+Lognrnd(-
4.40,0.348) 
Utilities 0.05+Lognormal(0.00859,0.0018) 
0.05+Lognrnd(-
4.78,0.207) 
Cloths 0.02+Lognormal(0.0138,0.00477) 
0.02+Lognrnd(-
4.34,0.336) 
Used Vehicle 0.01+Lognormal(0.0201,0.00793) 
0.01+Lognrnd(-
3.98,0.380) 
Gasoline 0.02+Lognormal(0.0136,0.00565) 
0.02+Lognrnd(-
4.38,0.399) 
Other expenditures 0.09+Lognormal(0.0115,0.00465) 
0.09+Lognrnd(-
4.54,0.389) 
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Table 5.10 Expenditures' Distributions for the all individuals younger than 25 
years old 
Categories Distributions with Parameters 
Squared 
Error 
Histograms 
Food at Home Normal(0.0869,0.0117) 0.0516 
 
Food away Home 0.01+Weibull(0.0681,4.72) 0.0896 
 
Alcohol 
Beverage 
0.01+Gamma(0.00147,5.42) 0.00946 
 
Owned House Triangular(0.03,0.0401,0.06) 0.0143 
 
Rented House Uniform(0.14,0.2) 0.122 
 
House Repair & 
Maintenance 
Normal(0.136,0.01) 0.0234 
 
Utilities 0.05+0.03*Beta(13.2,12.7) 0.0279 
 
Cloths 0.04+Gamma(0.00323,5.53) 0.00706 
 
New Vehicle Triangular(0,0.026,0.08) 0.00301 
 
Used Vehicle Triangular(0.02,0.0581,0.11) 0.00164 
 
Gasoline Normal(0.0518,0.00887) 0.0534 
 
Vehicle 
Insurance 
Triangular(0.01,0.0224,0.03) 0.0719 
 
Healthcare 
excluding 
Insurance 
Weibull(0.0143,7.06) 0.00178 
 
Health Insurance 0.01+Weibull(0.00397,3.88) 0.00169 
 
Entertainment 0.04+Lognormal(0.0119,0.00549) 0.00237 
 
Tobacco Product Beta(19.9,15.1839) 0.000577 
 
Other 
Expenditures 
0.09+Lognormal(0.0308,0.0118) 0.0683 
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Table 5.11 Expenditures' Distributions for the all individuals from 25 to 34 years 
old 
Categories Distributions with Parameters 
Squared 
Error 
Histograms 
Food at Home 0.05+Gamma(0.00148,7.21) 0.00272 
 
Food away 
Home 
0.04+Weibull(0.0106,4.93) 0.00144 
 
Alcohol 
Beverage 
Lognormal(0.00921,0.00101) 0.0260 
 
Owned House 0.07+Lognormal(0.0336,0.0142) 0.0910 
 
Rented House 0.04+Weibull(0.0396,5.94) 0.0363 
 
House Repair & 
Maintenance 
0.09+Weibull(0.0284,4.22) 0.271 
 
Utilities 0.05+Lognormal(0.00465,0.00124) 0.0117 
 
Cloths Normal(0.039,0.00423) 0.0397 
 
New Vehicle Triangular(0.01,0.038,0.05) 0.0366 
 
Used Vehicle 0.02+Lognormal(0.0202,0.00957) 0.00262 
 
Gasoline 0.02+Lognormal(0.016,0.00743) 0.0176 
 
Vehicle 
Insurance 
0.01+0.01*Beta(2.47,1.44) 0.0461 
 
Healthcare 
excluding 
Insurance 
0.01+Lognormal(0.0034,0.000782) 0.00164 
 
Health Insurance 0.01+Gamma(0.000258,25.2) 0.00645 
 
Entertainment 0.03+Gamma(0.000513,25.2) 0.00677 
 
Tobacco Product Beta(18.6,12.5365) 0.00427 
 
Other 
Expenditures 
0.07+0.04*Beta(8.29,7.99) 0.00530 
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Table 5.12 Expenditures' Distributions for the all individuals from 35 to 44 years 
old 
Categories Distributions with Parameters 
Squared 
Error 
Histograms 
Food at Home 0.05+Lognormal(0.0104,0.00323) 0.0196 
 
Food away 
Home 
0.04+Lognormal(0.0056,0.00172) 0.0111 
 
Alcohol 
Beverage 
Lognormal(0.0071,0.000664) 0.00327 
 
Owned House 0.1+Weibull(0.0206,4.93) 0.0426 
 
Rented House 0.03+Lognormal(0.0104,0.0029) 0.0654 
 
House Repair & 
Maintenance 
0.11+Lognormal(0.00752,0.00384) 0.0380 
 
Utilities 0.05+0.01*Beta(3.4,6.1) 0.00333 
 
Cloths 0.02+Lognormal(0.0141,0.00434) 0.00760 
 
New Vehicle Triangular(0.01,0.038,0.05) 0.0296 
 
Used Vehicle 0.01+0.04*Beta(4.79,5.17) 0.00481 
 
Gasoline 0.02+Lognormal(0.0126,0.00581) 0.00571 
 
Vehicle 
Insurance 
0.01+Weibull(0.00601,5.14) 0.00176 
 
Healthcare 
excluding 
Insurance 
0.01+0.01*Beta(18.3,12.5) 0.00233 
 
Health Insurance 0.01+Lognormal(0.00776,0.00116) 0.00809 
 
Entertainment 0.03+Lognormal(0.0139,0.00314) 0.0269 
 
Tobacco Product Lognormal(0.00568,0.000925) 0.0328 
 
Other 
Expenditures 
Triangular(0.08,0.094,0.12) 0.0636 
 
 
52 
 
 
 
Table 5.13 Expenditures' Distributions for the all individuals from 45 to 54 years 
old 
Categories Distributions with Parameters 
Squared 
Error 
Histograms 
Food at Home 0.03+0.05*Beta(8.48,7.35) 0.0354 
 
Food away Home Triangular(0.03,0.0403,0.06) 0.0350 
 
Alcohol Beverage Normal(0.00698,0.000784) 0.000651 
 
Owned House 0.1+Lognormal(0.00894,0.0034) 0.00788 
 
Rented House Normal(0.0279,0.00237) 0.00518 
 
House Repair & 
Maintenance 
0.1+Lognormal(0.0132,0.00429) 0.0103 
 
Utilities 0.05+0.01*Beta(1.79,3.78) 0.00329 
 
Cloths 0.02+0.03*Beta(1.97,2.99) 0.00249 
 
New Vehicle 0.01+0.04*Beta(5.92,7.22) 0.00537 
 
Used Vehicle 0.01+Lognormal(0.0172,0.00786) 0.0562 
 
Gasoline 0.02+0.03*Beta(2.71,4.1) 0.00507 
 
Vehicle Insurance 0.01+0.01*Beta(6.71,1.86) 0.0258 
 
Healthcare 
excluding 
Insurance 
0.01+Gamma(0.000407,25.2) 0.00447 
 
Health Insurance 0.01+Gamma(0.000365,25.2) 0.000720 
 
Entertainment 0.03+0.02*Beta(12.6,12.1) 0.00327 
 
Tobacco Product Beta(21.5,14.5575) 0.00287 
 
Other 
Expenditures 
0.1+Lognormal(0.0189,0.00585) 0.00330 
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Table 5.14 Expenditures' Distributions for the all individuals from 55 to 64 years 
old 
Categories Distributions with Parameters 
Squared 
Error 
Histograms 
Food at Home 0.04+0.04*Beta(5.4,6.19) 0.00486 
 
Food away 
Home 
Normal(0.0424,0.00384) 0.00262 
 
Alcohol 
Beverage 
Lognormal(0.00738,0.00078) 0.00421 
 
Owned House 0.09+Lognormal(0.0185,0.00578) 0.0301 
 
Rented House 0.01+Weibull(0.0152,5.28) 0.00161 
 
House Repair & 
Maintenance 
Normal(0.127,0.0122) 0.0612 
 
Utilities 0.05+Lognormal(0.00818,0.00252) 0.00235 
 
Cloths Uniform(0.02,0.04) 0.0231 
 
New Vehicle 0.01+0.05*Beta(2.56,2.61) 0.0372 
 
Used Vehicle Uniform(0.01,0.04) 0.0397 
 
Gasoline 0.02+0.03*Beta(2.94,4.43) 0.00578 
 
Vehicle 
Insurance 
0.01+Gamma(0.000301,25.2) 0.000200 
 
Healthcare 
excluding 
Insurance 
0.02+Lognormal(0.00897,0.00248) 0.00700 
 
Health Insurance 0.02+Gamma(0.000485,15.2) 0.00204 
 
Entertainment 0.03+Gamma(0.000594,23.1) 0.00197 
 
Tobacco Product Weibull(0.00656,7.37) 0.00383 
 
Other 
Expenditures 
0.09+0.03*Beta(1.65,0.886) 0.0340 
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Table 5.15 Transaction from Input Analyzer to Matlab for Lognormal 
distributions 
Groups of 
Persons 
Categories 
Expressions 
Input Analyzer Matlab 
Younger 
than 25 
years old 
Entertainment 0.04+Lognormal(0.0119,0.00549) 
0.04+Lognrnd(-
4.53,0.439) 
Other 
Expenditures 
0.09+Lognormal(0.0308,0.0118) 
0.09+Lognrnd(-
3.55,0.370) 
25 years old 
to 34 years 
old 
Alcohol Beverage Lognormal(0.00921,0.00101) Lognrnd(-4.69,0.109) 
Owned Houses 0.07+Lognormal(0.0336,0.0142) 
0.02+Lognrnd(-
3.48,0.405) 
Utilities 0.05+Lognormal(0.00465,0.00124) 
0.05+Lognrnd(-
5.41,0.262) 
Used Vehicle 0.02+Lognormal(0.0202,0.00957) 
0.02+Lognrnd(-
4.00,0.450) 
Gasoline 0.02+Lognormal(0.016,0.00743) 
0.02+Lognrnd(-
4.23,0.442) 
Healthcare ex. 
Insurance 
0.01+Lognormal(0.0034,0.000782) 
0.01+Lognrnd(-
5.71,0.227) 
35 years old 
to 44 years 
old 
Food at Home 0.05+Lognormal(0.0104,0.00323) 
0.05+Lognrnd(-
4.61,0.303) 
Food away Home 0.04+Lognormal(0.0056,0.00172) 
0.04+Lognrnd(-
5.23,0.300) 
Alcohol Beverage Lognormal(0.0071,0.000664) Lognrnd(-4.95,0.0933) 
Rented Houses 0.03+Lognormal(0.0104,0.0029) 
0.03+Lognrnd(-
4.60,0.274) 
House Repair & 
Maintenance 
0.11+Lognormal(0.00752,0.00384) 
0.11+Lognrnd(-
5.01,0.481) 
Cloths 0.02+Lognormal(0.0141,0.00434) 
0.02+Lognrnd(-
4.31,0.301) 
Gasoline 0.02+Lognormal(0.0126,0.00581) 
0.02+Lognrnd(-
4.47,0.439) 
Health Insurance 0.01+Lognormal(0.00776,0.00116) 
0.01+Lognrnd(-
4.87,0.149) 
Entertainment 0.03+Lognormal(0.0139,0.00314) 
0.03+Lognrnd(-
4.30,0.223) 
Tobacco Products Lognormal(0.00568,0.000925) 
0.03+Lognrnd(-
5.18,0.162) 
45 years old 
to 54 years 
old 
Owned Houses 0.1+Lognormal(0.00894,0.0034) 0.1+Lognrnd(-4.78,0.368) 
House Repair & 
Maintenance 
0.1+Lognormal(0.0132,0.00429) 0.1+Lognrnd(-4.38,0.317) 
Used Vehicle 0.01+Lognormal(0.0172,0.00786) 
0.02+Lognrnd(-
4.16,0.435) 
Other 
Expenditures 
0.1+Lognormal(0.0189,0.00585) 0.1+Lognrnd(-4.01,0.302) 
55 years old 
to 64 years 
old 
Alcohol Beverage Lognormal(0.00738,0.00078) Lognrnd(-4.91,0.105) 
Owned Houses 0.09+Lognormal(0.0185,0.00578) 
0.09+Lognrnd(-
4.04,0.305) 
Utilities 0.05+Lognormal(0.00818,0.00252) 
0.05+Lognrnd(-
4.85,0.301) 
Health excluding 
Insurance 
0.02+Lognormal(0.00897,0.00248) 
0.02+Lognrnd(-
4.75,0.271) 
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Table 5.16 Transaction from Input Analyzer to Matlab for Weibull distributions 
Groups 
of 
Persons 
Categories 
Expressions 
Input Analyzer Matlab 
Younge
r than 
25 years 
old 
Food away 
Home 
0.01+Weibull(0.0681,4.72) 0.01+Weibrnd(3.22×10
5
,4.72) 
Health 
excluding 
Insurance 
Weibull(0.00868,10.4) Weibrnd(2.75×10
21
,10.4) 
Health 
Insurance 
0.01+Weibull(0.00397,3.88
) 
0.01+Weibrnd(2.07×10
9
,3.88) 
25 years 
old to 
34 years 
old 
Food away 
Home 
0.04+Weibull(0.0106,4.93) 0.04+Weibrnd(5.44×10
9
,4.93) 
Rented 
Houses 
0.04+Weibull(0.0396,5.94) 0.04+Weibrnd(2.14×10
8
,5.94) 
House 
Repair & 
Maintenanc
e 
0.09+Weibull(0.0284,4.22) 0.09+Weibrnd(3.37×10
6
,4.22) 
35 years 
old to 
44 years 
old 
Owned 
Houses 
0.1+Weibull(0.0206,4.93) 0.1+Weibrnd(2.05×10
8
,4.93) 
Vehicle 
Insurance 
0.01+Weibull(0.00601,5.14
) 
0.01+Weibrnd(2.61×10
11
,5.14
) 
55 years 
old to 
64 years 
old 
Rented 
Houses 
0.01+Weibull(0.0152,5.28) 0.01+Weibrnd(3.98×10
9
,5.28) 
Tobacco 
Products 
Weibull(0.00656,7.37) Weibrnd(1.23×10
16
,7.37) 
 
The two parameters of the lognormal distribution in Matlab can be presented as  
]1)
..
ln[(
2
1
)ln( 2 
E
DS
E , 
and ]1)
..
ln[( 2 
E
DS
 . 
For the same example, the percentage of expenditures for Owned House in Table 5.5 
can be generated in Matlab utilizing 0.09+lognrnd (-3.42, 0.513) shown in Table 5.9. 
μ in the corresponding normal distribution was -3.42, and σ was 0.513. 
The distributions to generate the percentages of expenditures on each category for 
different groups of individuals categorized by their ages were shown in Table 5.10, 
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Table 5.11, Table 5.12, Table 5.13, and Table 5.14. The expressions of different 
distribution were the same as above in Table 5.5, Table 5.6, and Table 5.7. 
Transferring the expressions of lognormal distributions and Weibull distributions was 
required to make them available in Matlab. The transaction results were shown in 
Table 5.15 and Table 5.16 for lognormal distributions and Weibull distributions, 
respectively. 
5.4 Estimations of other parameters 
The federal income tax rates utilized in the model were for the individual single 
without any child in 2011, and the state income tax rates utilized were updated on 
March 3rd, 2009 in Nebraska (Nebraska Income Tax Rates). In the model, 50% of the 
direct expenditures were estimated to be paid to the employees working at the 
corresponding places. The indirect contribution of an individual was realized in the 
“while” loop. The indirect contributions would not be added if the increased 
expenditures of the workers were less than 1% of the individual’s income. The model 
with the parameters above was called original model which was utilized to be 
compared in Chapter 6 to validate the model. The numbers of replicates (t) set for the 
model were 100, 500, 1000, 5000, and 10000 to detect the stability of the results. 
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Chapter 6 Verification and Validation 
All simulation models need to be validated and verified. The normal method to 
validate a model was to set the parameters in the model to be the limiting values and 
to detect whether the results were the expected ones. In this part, the two main 
models, the basic model for only one year and the whole life of career model, were 
validated. The models to be verified by comparing the taxes obtained from the model 
and the taxes paid in the real world for a specified person to prove that it was correct. 
6.1 Verification of the models 
The core of the models was to obtain the income taxes and the sales taxes, and it was 
focused on the verification of the income taxes and the sales taxes in this section. The 
categories which had sales taxes were shown in the reports from Nebraska 
Department of Revenue. The federal income taxes brackets utilized in the research 
were for the individuals who were single and had no child in 2011, and the state 
income taxes brackets were also for the individuals single and without children in 
2011. The teaching assistant major in engineering in University of Nebraska - Lincoln 
can earn $16,200 each year, which was a graduate student's wages. Using the model, 
the federal income taxes were $2,005 each year, and the state income taxes were $578 
annually. The monthly federal income taxes should be $167, and it should be $48 as 
the monthly state income taxes. To check one's payroll, it showed that the monthly 
federal income tax was $166.25, and the monthly state income tax was $37.48. It was 
nearly the same for the federal income tax, while there were ten dollars difference 
between the model and the reality for the state income tax. Because the taxes rates 
used for the state taxes were estimated effective taxes rates but not the exact taxes 
rates. The certain error of the model was accepted. 
58 
 
 
 
6.2 Validation of the basic model 
There were six main parameters in this model. They were individuals' incomes, the 
income tax rates (ri), the percentages of expenditures on different categories (pc), the 
sales taxes rates (rs), the percentage of the individual's income to stop adding the 
indirect contributions (ps), and the percentage of the direct expenditures paid to the 
employees in the corresponding places (pe). The trials to run the model were 5000 
times since it should give stationary results and the sample size was not too large to 
save the time for running the model. 
If all individuals' incomes were set to be zero, taxes paid should to be zero, and the 
economic Impact1 and Impact2 would not exist. The model was run under the 
condition, it was proved that all taxes paid were zero, Impact1 and Impact2 did not 
exist, and Impact3 was also zero. 
If the income tax rate was set to be zero, the income taxes would be zero, and the 
impacts to the federal and the state & local governments together and to the state & 
local government should be the same; if the income tax rate was set to be one, all 
expenditures and the sales taxes were supposed to be zero. When the income tax rate 
was set to be zero, the model was run and it showed that all income taxes were zero. 
The impacts for the federal and the state & local governments together and for the 
state & local government only were the same indicated in Figure 6.1, Figure 6.2, and 
Figure 6.3. 
59 
 
 
 
 
Figure 6.1 Scatters with the Straight Line for Impact1 when ri=0 
 
Figure 6.2 Scatters with the Straight Line for Impact2 when ri=0 
 
Figure 6.3 Scatters with the Straight Line for Impact3 when ri=0 
As shown in the figures, the slope of the straight lines was 45 degrees which meant 
that all the values in the horizontal axis were the same with the values in the vertical 
axis. For all individuals disregarding their majors, the average Imapct1 was 1.61 for 
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the federal and the state & local governments together and the state & local 
government, the average Impact2 was 0.074, and the average Imapct3 was $881.08. 
When the income tax rate was set to be one, the income taxes equaled to the incomes 
and the sales taxes were zero. As indicated in the results, all Impact2 were shown to 
be one, since the income taxes were always the same as the incomes. 
If the percentages of expenditures on different categories were zero, the sales taxes 
should be zero. The model was run, and the sales taxes were zero. For all individuals 
disregarding their majors, the average values of the economic impacts to the federal 
and the state & local governments together were 1.62, 0.19, and $2434.3 of Impact1, 
Impact2, and Impact3, respectively. The average values of the economic impacts to 
the state & local government were 1.55, 0.036, and $468.0 of Impact1, Impact2, and 
Impact3, respectively. 
If all sales taxes rates were set to be zero, the sales taxes should be zero; if the sales 
tax rate were set to be one, the sales taxes should be the same as the cost on the 
corresponding categories. After the model was run, it was shown that the sales taxes 
were zero, and there were only income taxes utilized for the economic impacts. For all 
individuals disregarding their majors, the average values of the economic impacts to 
the federal and the state & local governments together were 1.60, 0.19, and $2346.7 
of Impact1, Impact2, and Impact3, respectively. The average values of the economic 
impacts to the state & local government were 1.54, 0.036, and $454.6 of Impact1, 
Impact2, and Impact3, respectively. 
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Figure 6.4 Scatters with the Straight Line for the individuals who were bachelors 
when rs=1 
 
 
Figure 6.5 Scatters with the Straight Line for the individuals received higher 
degrees when rs=1 
When the sales taxes rates were set to be one, the results showed that the sales taxes 
equaled to the sales indicated in Figure 6.4 for the individuals who only received 
bachelors' degrees and Figure 6.5 for the individuals who received higher degrees. As 
shown in Figure 6.4 and Figure 6.5, the straight lines were equally spaced between the 
vertical and horizontal axes. The average impacts for the federal and the state & local 
governments together were 1.53, 1.81, and $22482 for Impact1, Impact2, and 
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Impact3, respectively. And the average values for the state & local government were 
1.52, 1.66, and $20617 for Impact1, Impact2, and Impact3, respectively. 
If ps was set to be zero, the sales taxes should be increased significantly and the 
program would not be stopped naturally, since there would be more indirect 
expenditures and the condition to stop the program cannot be reached; if it was set to 
be one, the sales taxes would be decreased significantly, since there would be any 
indirect expenditures. When ps was set to be zero and the model was run, it cannot be 
stopped naturally, because there were always little indirect contributions after several 
repetitions but zero cannot be reached. 
 
Figure 6.6 Scatters with markers for the bachelors when ps=1 and ps=0.01 
When ps was set to be one, it indicated that the sales taxes were less than the sales 
taxes in the original model when ps=0.01 shown in Figure 6.6 for the individuals who 
were bachelors and Figure 6.7 for the individuals who received higher degrees. In the 
figures, the label of "sales taxes for BD" and "sales taxes for HD" was for the sales 
taxes when ps=0.01. As seen in Figure 6.6 and Figure 6.7, the sales taxes calculated 
when ps=0.01 was in a higher level than when ps=1. The average sales tax paid by the 
individuals who were bachelors was only $805.05 when ps=1, while it was $1709.19 
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when ps=0.01. The average sales tax paid by the individuals who received higher 
degrees was $1042.32 when ps=1, and it was $2384.24 when ps=0.01. 
 
Figure 6.7 Scatters with markers for the individuals with higher degrees when 
ps=1 and ps=0.01 
If pe was set to be zero, the sales taxes were supposed to be decreased significantly, 
since no indirect expenditures were generated; if pe was set to be one, the sales taxes 
should be increased significantly and the program cannot be stopped naturally, since 
all expenditures were supposed to be paid to the employees, there were more indirect 
expenditures, and the condition to stop the program cannot be reached. When pe was 
zero and the model was run, the average sales tax paid by the individuals who only 
received bachelors' degrees was $842.20, and by the individuals who received higher 
degrees was $1210.28. Compared with the average levels when pe=0.5, they were 
lower than $1709.19 and $2384.24, respectively. 
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Figure 6.8 Scatters with markers for the bachelors when pe=0 and pe=0.5 
 
 
Figure 6.9 Scatters with markers for the individuals with higher degrees when 
pe=0 and pe=0.5 
The scatters plots were drawn for all the 5000 individuals, and shown in Figure 6.8 
and Figure 6.9. As indicated in Figure 6.8 and Figure 6.9, the sales taxes paid when 
pe=0.5 were in a higher level than when pe=0, which meant that the sales taxes had 
decreases when pe was set to be zero. When pe=1, the program went into an infinite 
loop shown in Figure 6.10.  
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Figure 6.10 the Infinite Loop when pe=1 
When pe=1, all expenditures in the upper level were contributed into the lower level 
as the indirect incomes, and the indirect incomes flew into the expenditures since 
there was no income taxes counted for the indirect incomes. This was an endless loop. 
The condition to stop the loop that ps=0.01 would never be reached, and the 
percentage of contributions was kept as a constant. 
As validated by changing the parameters to their limiting values, the results were as 
expected. The basic model was validated. 
6.3 Validation of the whole life of the career model 
There were eight main parameters in this model. They were the effective annual 
interest rate (i), the individuals' initial incomes, the increased rate of the incomes (rin), 
the income tax rate (ri), the percentages of expenditures on different categories (pc), 
the sales taxes rates (rs), the percentage of the individual's income to stop adding the 
indirect contributions (ps), and the percentage of the direct expenditures paid to the 
employees in the corresponding places (pe). The trials to run the model were 5000 
times since it can give stationary results and the sample size was not too large to save 
the time for running the model. The model for the individuals who received bachelors' 
degrees disregarding their majors was utilized to do the validation. 
Indirect 
Incomes 
Expenditures 
100% 100% 
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If the effective annual interest rate was zero, the net present worth of taxes would be 
the sum of all taxes paid each year. The model was run after the interest rate was set 
to be zero. 
 
Figure 6.11 Scatters with Straight Line for PW vs. ΣTaxes when i=0 
 
 
Figure 6.12 Scatters with Straight Line for sPW vs. ΣsTaxes when i=0 
As indicated in Figure 6.11 and Figure 6.12, the sum of taxes paid to the federal and 
the state & local governments together (ΣTaxes) and to the state & local government 
(ΣsTaxes) each year for 43 years were shown on the horizontal axis, and the net 
present worth of the taxes paid (shorten by PW and sPW) for 43 years were shown on 
the vertical axis. The slopes of the straight lines were 45 degrees, which meant that 
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y=x for every point on the line. The net present worth of taxes equaled the sum of 
taxes paid for 43 years for all the 5000 individuals.  
If the individual's initial incomes were zero, the present worth of taxes paid should 
also be zero. The model was run under this condition, and it was proved that all 
income taxes and sales taxes were zero. The present worth of taxes paid for the 
federal and the state & local governments together were zero, and were the same with 
the results for the state & local government only. 
If the increased rates of the incomes were zero, the present worth of taxes paid was 
supposed to be decreased, since fewer incomes were utilized for the expenditures.  
 
Figure 6.13 Scatters with markers for PW when rin=0 and in the original model 
When the increased rates of the incomes were set to be zero, the incomes in different 
stages were the same for a specific individual. The average net present worth for the 
43 years to the federal and the state & local governments together (PW) was $77856, 
which was less than $84479, the average net present worth when the increased rates 
were not zero in the original model. The average net present worth to the state & local 
government (sPW) was $29885, which was also less than $31416, the average net 
present worth in the original model. The scatters of the 5000 individuals separately 
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were shown in Figure 6.13 for the federal and the state & local governments together 
and Figure 6.14 for the state & local government. 
 
Figure 6.14 Scatters with markers for sPW when rin=0 and in the original model 
As indicated in Figure 6.13 and Figure 6.14, the net present worth of the total taxes 
from the original model were in a little higher level than the net present worth of the 
total taxes from the model when rin=0. 
If the income tax rate was set to be zero, the present worth of taxes paid should be less 
than the original results, and the present worth of taxes for the federal and the state & 
local governments together and for the state & local government should be the same; 
if the income tax rate was set to be one, all expenditures and the sales taxes were 
supposed to be zero. When the income tax rate was fixed to be zero, the average 
present worth of total taxes paid for 43 years was $23520, which were the same for 
the federal and the state & local governments together and for the state & local 
government only, while the average present worth of total taxes paid to the federal 
and the state & local governments was $84479 from the original model and it was 
$31416 to the state & local government, which were higher than the results when 
ri=0. 
69 
 
 
 
The scatters were shown in Figure 6.15 for the federal and the state & local 
governments together and Figure 6.16 for the state & local government when ri=0 for 
the 5000 individuals. 
 
Figure 6.15 Scatters with markers of PW when ri=0 
 
 
Figure 6.16 Scatters with markers of sPW when ri=0 
As indicated, PW from the original model was in a significantly higher level than 
from the model when ri=0, and sPW from the original model was in a little higher 
level. The scatters with straight line to compare sPW and PW for the 5000 individuals 
were shown in Figure 6.17. 
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Figure 6.17 Scatters with straight lines of sPW vs. PW when ri=0 
As seen in Figure 6.17, the straight line was equally spaced between the vertical and 
horizontal axes, which meant the present worth of total taxes paid to the federal and 
the state & local governments were equivalent to the present worth of taxes paid to 
the state & local government for all the 5000 data points. 
 
 
Figure 6.18 Scatters with straight lines for PW3 vs. PW1 when ri=1 
When the income taxes rate was set to be one, the sales taxes were proved to be zero 
and the present worth of total taxes (PW3) were the same as the present worth of 
income taxes (PW1) for all the 5000 individuals indicated in Figure 6.18. 
If the percentages of expenditures (pc) on different categories were zero, the sales 
taxes should be zero. When the percentages of expenditures on different categories 
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were set to be zero, the results presented that the present worth of sales taxes were 
zero for all the 5000 data points, because the present worth of total taxes (PW3) were 
equivalent to the present worth of income taxes (PW1) indicated in Figure 6.19. 
 
Figure 6.19 Scatters with straight lines for PW3 vs. PW1 when pc=0 
If all sales taxes rates were set to be zero, the sales taxes should be zero; if the sales 
tax rate were set to be one, the sales taxes should be the same as the cost on the 
corresponding categories. When the sales taxes rates were set to be zero, the sales 
taxes were zero and the net present worth of the sales taxes for 43 years was zero. So 
the net present worth of the total taxes (PW3) should be equivalent to the net present 
worth of the income taxes (PW1). As indicated in Figure 6.20, on the straight line, all 
values of PW of the total taxes equaled to the values of PW of the income taxes for 
the whole sample. 
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Figure 6.20 Scatters with straight lines for PW3 vs. PW1 when rs=0 
 
Figure 6.21 Scatters with straight lines for PW2 vs. PWsales when rs=1 
When the sales taxes rates were one, the relationship between the net present worth of 
sales taxes (PW2) paid for 43 years and the net present worth of sales (PWsales) was 
shown in Figure 6.21 for the 5000 individuals. The slope of the straight line was 45 
degrees, and they were equal to each other on the straight line for all the 5000 data 
points. 
If ps was set to be zero, the sales taxes should be increased significantly and the 
program would not be stopped naturally, since there would be more indirect 
expenditures and the condition to stop the program cannot be reached; if it was set to 
be one, the sales taxes would be decreased significantly, since there would be any 
indirect expenditures. When the percentage to stop the program was set to be zero, the 
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program cannot be stopped as inferred. When ps was set to be one, the average net 
present worth of sales taxes (PW2) for the 5000 individuals in their whole life of 
careers was $9776, which was less than $18881, the average net present worth of 
sales taxes when ps=0.01. 
 
Figure 6.22 Scatters with makers of PW2 for ps=1 and ps=0.01 
As indicated in Figure 6.22, the net present worth of sales taxes for the 43 years when 
ps=0.01 were in a correspondingly higher level than ps=1 for all the 5000 data points. 
If pe was set to be zero, the sales taxes were supposed to be decreased significantly, 
since no indirect expenditure was generated; if pe was set to be one, the sales taxes 
should be increased significantly and the program cannot be stopped naturally, since 
all expenditures were supposed to be paid to the employees, there were more indirect 
expenditures, and the condition to stop the program cannot be reached. When pe was 
zero, the average net present worth of sales taxes (PW2) for the 5000 individuals in 
their whole life of careers was $8683, which was lower than $18881, the average net 
present worth of sales taxes when pe=0.5. The scatters with markers were shown in 
Figure 6.23 to compare the net present worth of sales taxes individual by individual. 
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Figure 6.23 Scatters with makers of PW2 for pe=0 and pe=0.5 
As shown in Figure 6.23, the net present worth of sales taxes for the 43 years when 
pe=0 were in a lower level than the net present worth of sales taxes when pe=0.5 for 
all then 5000 data points. When pe was set to be one, the program cannot be stopped 
naturally. The reason was the same as described in Section 6.1 for pe=1. There was an 
endless loop in the program. 
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Chapter 7 Performances 
The simulation models were run utilizing the corresponding input models under the 
proper conditions described in Chapter 5. The results were from two models for two 
groups of individuals, which were the group of the individuals disregarding their 
majors and the group of the individuals major in engineering. The two models were 
the basic model which detected the economic impacts of a higher degree than a 
bachelor's for the first year to the career, and the whole life of careers model which 
gave the economic impact of the higher degree from the first year to the career to the 
end of the career estimated as 64 years old. The tax revenues for an individual 
included the direct taxes paid to the government by the individual and the indirect 
taxes received by the government due to the contributions of the individual’s 
expenditures 
7.1 The basic model for individuals disregarding the majors 
The input models were described in Chapter 5. And the other parameters utilized in 
the basic model included the percentage of contributions to the employees working at 
the corresponding places (50%) and the percentage of the indirect expenditures in the 
individual's salaries to stop the loop (1%). In the loop, the percentages of indirect 
expenditures for an individual were obtained from the distributions for all consumers 
units, which were not specified by their education levels shown in Table 5.7. 
The numbers of replicates (t) set for the model were 100, 500, 1000, 5000, and 10000 
to detect the stability of the results. There were three indicators to present the 
economic impact, including the ratio between taxes from the individuals holding 
higher degrees and taxes from the individuals holding only bachelor's degrees 
(Impact1), the taxes increased every one dollar more received for their incomes 
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(Imapct2), and the difference of taxes received between from the individuals holding 
higher degrees and from the individuals only holding bachelor's degrees (Imapct3). 
013
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where 1 indicated the parameters were for an individual holding higher degree than 
BD, and 0 indicated the parameters were for an individual holding BD. 
The model was run under the corresponding conditions, and the results were shown in 
Table 7.1. The results in Table 7.1 were the average numbers of the random samples. 
Table 7.1 Average Economic Impacts for all individuals with the changes of 
replicates (t) 
t 
Annual Federal and State Taxes Annual State Taxes 
Impact1 Impact2 Impact3 Impact1 Impact2 Impact3 
100 1.46 0.25 $   2635.26 1.45 0.10 $   1010.66 
500 1.55 0.24 $   2849.62 1.47 0.09 $     945.92 
1000 1.59 0.23 $   3001.84 1.52 0.07 $   1296.45 
5000 1.61 0.24 $   3179.63 1.55 0.09 $   1156.55 
10000 1.58 0.24 $   3062.81 1.52 0.09 $   1091.32 
 
Table 7.2 Distributions for the random samples of Imapct3 
Government t Distribution Squared Error Histogram 
Both 
5000 
Normal (3.18×10
3
, 
4.64×10
3
) 
0.000393 
 
10000 
Normal (3.06×10
3
, 
4.58×10
3
) 
0.000211 
 
State & 
Local 
5000 
Normal (1.16×10
3
, 
1.69×10
3
) 
0.000379 
 
10000 
Normal (1.09×10
3
, 
1.67×10
3
) 
0.000203 
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As seen, the average ratio for federal and state & local governments together was 
about 1.6, which meant if the governments can receive 1 dollar from the individual 
with a bachelor's degree, 1.6 dollars would be contributed to the governments by the 
individual with a higher degree. The average ratio for the state & local government 
was about 1.5, when t reached large enough. If one dollar was increased for their 
income, about 0.2 dollar more would be contributed to the federal and state & local 
governments together, and about 0.1 dollar more would be obtained by the state & 
local government. As indicated by the table, when t reached large enough, the 
difference of taxes received from between the individuals receiving a higher degree 
and a bachelor's degree became steady. It was about 3×10
3
 dollars for the federal and 
state & local governments together, and about 1×10
3
 dollars for the state & local 
government. 
The random samples of Impact3 were fitted in Input Analyzer to find out proper 
distributions to present the results shown in Table 7.2. Since the sample size was large 
enough, normal distributions can be utilized to fit the samples. As indicated in Table 
7.2, the mean values of the distributions no matter whether t equaled 5000 or 10000 
seemed to be equivalent, while the standard deviations when t=10000 were less than 
the standard deviation when t=5000. When t=10000, the squared errors were smaller. 
The larger sample size made the results more consistent. 
7.2 The basic model for individuals major in engineering 
In this model, the distributions to generate incomes were changed, while the 
percentages on different categories for the groups of individuals were the same as the 
model in Section 7.1. The replicates set for the model also were 100, 500, 1000, 5000, 
and 10000 as the model for all individuals. The indicators to show the economic 
impacts were the same as the indicators in Section 7.1 as well. 
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As indicated in Table 7.3, the ratio between taxes from the individuals who received 
higher degrees and taxes from the ones who just received bachelor's degrees was 
about 1.25 for the federal and state & local governments together, and was also about 
1.25 for the state & local government only. For the federal and state & local 
governments together, 0.25 dollars would be increased on the taxes if one dollar was 
raised for their incomes. For the state & local government, about 0.1 dollars more can 
be contributed to the taxes. 
Table 7.3 Average Economic Impacts for individuals major in engineering with 
the changes of replicates (t) 
t 
Annual Federal and State Taxes Annual State Taxes 
Impact1 Impact2 Impact3 Impact1 Impact2 Impact3 
100 1.36 0.30 $   2537.39 1.37 0.15 $ 1029.88 
500 1.25 0.23 $   1739.55 1.25 0.08 $   669.09 
1000 1.26 0.39 $   1910.29 1.23 0.24 $   680.64 
5000 1.24 0.23 $   1646.06 1.19 0.08 $   479.96 
10000 1.28 0.25 $   1904.78 1.28 0.10 $   752.00 
 
When t=1000, the results of Impact2 were a little abnormal and they were obviously 
larger than the results in other conditions. 
    
Figure 7.1 Scatters of Impact2 when t=1000 
The left graph in Figure 7.1 was for the scatters of Impact2 to the federal and state & 
local governments together, and the right one was for the results to the state & local 
government. Obviously, there was one abnormal result for each of them, and it was 
about 160. Once the abnormal result was deleted from the sample, the mean value of 
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Impact2 was changed to be 0.23 for the federal and state & local governments 
together, and it was changed to be 0.08 for the state & local government. They were 
close enough to their corresponding results when t was set to be the other values. As 
well, the variances of the samples were reduced to be 0.00845 and 0.00845 from 
25.45 and 25.45, respectively. Since the values were generated randomly, a little 
abnormal result can be accepted.  
When the number of trials reached large enough, the results trended to be steady. The 
difference of taxes received by the federal and state & local governments together was 
about 2000 dollars each year, and it was about 700 dollars each year for only the state 
& local government. They were not changed no matter whether the abnormal point 
was kept or deleted. 
Table 7.4 Distributions for the random sample of Impact3 
Government t Distribution Squared Error Histogram 
Both 
5000 
Normal (1.65×10
3
, 
4.32×10
3
) 
0.000107 
 
10000 
Normal (1.9×10
3
, 
4.39×10
3
) 
0.000057 
 
State & 
Local 
5000 Normal (480, 1.54×10
3
) 0.000106 
 
10000 Normal (752, 1.57×10
3
) 0.000080 
 
 
As seen in Table 7.4, larger sample size made the squared error less. All random 
samples of Imapct3 were following normal distributions with different parameters' 
values. The difference of the mean values for the taxes received by the federal and 
state & local governments together was not large between t=5000 and t=10000, and it 
was only 250 dollars. The difference of the mean values for the taxes received by the 
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state & local government was also not large, and it was 272 dollars. The standard 
deviations were very close to each other in the two cases, while the standard deviation 
was a little less when t=10000 than when t=5000. 
7.3 The whole life of career model for all individuals disregarding the majors 
The indicator to represent the whole life of career utilized in the research was the 
present worth of taxes, shorten as PW for the federal and state & local governments 
together, and sPW for the state & local government only. The baseline for the present 
worth was in the year when the individual was 21 years old. The interest rate to obtain 
the present worth was estimated to be 0.10 to run the model. The other parameters 
were set the same as described in Chapter 5. The numbers of replicates to run the 
model were set to be 100, 500, 1000, 5000, and 10000. 
Table 7.5 Average present worth of total taxes 
t 
PW sPW 
BD Higher Difference BD Higher Difference 
100 $   83,427 $ 122,748 $   39,321 $   31,186 $   42,570 $   11,384 
500 $   55,265 $   73,552 $   18,287 $   33,494 $   45,778 $   12,284 
1000 $   74,311 $   99,142 $   24,831 $   32,355 $   44,349 $   11,993 
5000 $   84,479 $ 130,334 $   45,855 $   31,416 $   42,020 $   10,604 
10000 $   72,517 $ 122,904 $   50,387 $   32,428 $   42,726 $   10,299 
 
As seen in Table 7.5, the present worth of taxes received by the federal and state & 
local governments together for the individuals who only had bachelor's degree in the 
whole life of the career was about 70 thousand dollars, and it for the state & local 
government was about 32 thousand dollars 43 years' work. The present worth of taxes 
received by the federal and the state & local governments together for the individuals 
with higher degrees in their whole career life was about 122 thousand dollars, and it 
was about 42 thousand dollars to the state & local government for their 40 years' 
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work. As represented in the previous sections, when the sample size was large 
enough, the results trended to be stable. 
As indicated in Table 7.5, the differences of the average present worth between the 
individuals who just received bachelors' degrees and the ones with higher degrees 
were positive, which meant that the average present worth of the total taxes in the 
whole life of career from the individuals with higher degrees was more than from the 
one with only bachelors' degrees. The difference between the total taxes received by 
the federal and the state & local governments together from the individuals with 
bachelors' degrees and the individuals with higher degrees was about 45 or 50 
thousand dollars, and it was about 10 thousand dollars by the state & local 
governments. The sample of the PW's differences was utilized to fit different 
distributions, and the results were shown in Table 7.6. 
Table 7.6 Distributions for the random samples of the differences 
Government t Distribution 
Squared 
Error 
Histogram 
Both 
5000 
Normal (4.59×10
4
, 
2.05×10
4
) 
0.000501 
 
10000 
Normal (5.04×10
4
, 
2.04×10
4
) 
0.000208 
 
State & 
Local 
5000 
Normal (1.06×10
4
, 
2.05×10
4
) 
0.000491 
 
10000 
Normal (1.03×10
4
, 
2.04×10
4
) 
0.000208 
 
 
All of the samples were following normal distributions with different parameters' 
values. As seen, when the sample size was large enough, the distributions best fitted 
were almost the same. The mean values of the distributions for the governments 
together had 4500 dollars difference between t=5000 and t=10000, and the standard 
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deviations had only 100 difference. For the state & local government, the difference 
between t=5000 and t=10000 of the mean values was 300 dollars, and it was 100 for 
the standard deviations. However, as the sample size became larger, the square error 
became less. The square error was 0.0002 when t=10000, compared with 0.0005 when 
t=5000. 
7.4 The whole life of career model for the individuals major in engineering 
The distributions best fitted for the incomes of the individuals major in engineering 
were shown in Chapter 5, and the process to run the model was the same as shown in 
Section 7.3 with the income distributions for the individuals who were major in 
engineering. The values of other parameters in the model were set to be the same as in 
Section 7.3. The results were shown in Table 7.7. 
Table 7.7 Average present worth of total taxes 
t 
PW sPW 
BD Higher Difference BD Higher Difference 
100 $   87,301 $ 166,351 $   79,050 $   45,878 $   47,614 $     1,736 
500 $ 114,278 $ 150,642 $   36,364 $   43,121 $   48,224 $     5,103 
1000 $   97,010 $ 110,018 $   13,008 $   44,444 $   51,925 $     7,481 
5000 $   79,764 $ 110,232 $   30,468 $   45,946 $   50,741 $     4,795 
10000 $   99,232 $ 111,622 $   12,391 $   44,306 $   50,789 $     6,483 
 
As indicated in Table 7.7, the average value of the present worth of the taxes received 
by the federal and state & local governments together from the individuals who were 
bachelors was in ten thousand dollars, while the average level for the individuals who 
received higher degrees was in hundred thousand dollars. The difference between 
them was in ten thousand dollars. The average value of the present worth of the taxes 
received by the state & local government from the individuals who were bachelors 
was about 45 thousand dollars, and the average value for the individuals who received 
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higher degrees was about 50 thousand dollars. The difference between the two groups 
of people was in thousand dollars and about 5 thousand. 
Table 7.8 Distributions for the random samples of the differences 
Government t Distribution 
Squared 
Error 
Histogram 
Both 
5000 
Normal (3.05×10
4
, 
1.93×10
4
) 
0.000179 
 
10000 
Normal (1.24×10
4
, 
1.93×10
4
) 
0.000106 
 
State & 
Local 
5000 
Normal (4.79×10
3
, 
1.93×10
4
) 
0.000178 
 
10000 
Normal (6.48×10
3
, 
1.93×10
4
) 
0.000105 
 
 
As known in previous sections, the results should trend to be stable as t was increased. 
The differences were fitted for different distributions, and the best distributions were 
shown in Table 7.8. All distributions selected were normal distribution with different 
parameters, and the squared errors were smaller as t became larger. The mean values 
were not the same with the change of t, while the order of magnitudes was the same. 
Because the data were generated randomly, a degree of difference was accepted with 
the change of t. 
7.5 Sensitivity Analysis 
The major parameters assumed in the models were the percentage of the individual's 
income to stop adding the indirect contributions (ps) and the percentage of the direct 
expenditures paid to the employees in the corresponding places (pe). In the whole life 
of careers model, there was another parameter, which was the effective annual interest 
rate (i). 
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7.5.1 Sensitivity Analysis for the Basic Model 
The sensitivity analysis was indicated by the average values of Impact1, Impact2, and 
Impact3 with the changes of ps and pe, with the sample size of 5000. The basic values 
of ps and pe were 0.01 and 0.5, respectively, which was marked as the 0% change in 
the diagrams. 
 
Figure 7.2 Changes of Impact1 for all individuals ignoring their majors with ps 
The changes of ps in the basic model was from -50% to 900%. When there were -50% 
changes to ps, it was 0.005. When 900% changes were made on ps, it became 0.1. 0.1 
was large enough for ps, because the indirect impact of an individual was expected. 
The changes of the average values of Impact1, Impact2, and Impact3 for the 
individuals disregarding their majors were shown in Figure 7.2, Figure 7.3, and Figure 
7.4, respectively. 
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Figure 7.3 Changes of Impact2 for all individuals ignoring their majors with ps 
 
Figure 7.4 Changes of Impact3 for all individuals ignoring their majors with ps 
In the figures, "Impact#_federal and state" was for the impact to the federal and the 
state & local governments together, and "Impact#_state" was for the impact to the 
state & local government. As indicated, the undulation of the impacts was irregular 
and around a specific number for each line. The changes of ps did not influence the 
results in the basic model for all individuals disregarding their majors significantly. 
The changes of the impacts in the basic model for the individuals major in 
engineering were shown in Figure 7.5, Figure 7.6, and Figure 7.7. 
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Figure 7.5 Changes of Impact1 for the individuals major in engineering with ps 
 
Figure 7.6 Changes of Impact2 for the individuals major in engineering with ps 
 
Figure 7.7 Changes of Impact3 for the individuals major in engineering with ps 
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As seen, there was no significant trend of the fluctuations of the impacts for the basic 
model with the individuals major in engineering. Each impact was up and down 
around a specific value, and there was no significant effect of the changes of ps. 
It was indicated that ps was an insensitive parameter for the basic model. 
The changes of pe in the basic model was from -90% to 90%. When there were -90% 
changes to ps, it was 0.05. When there were 90% changes to ps, it became 0.95. 
 
Figure 7.8 Changes of Impact1 for all individuals ignoring their majors with pe 
 
Figure 7.9 Changes of Impact2 for all individuals ignoring their majors with pe 
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Figure 7.10 Changes of Impact3 for all individuals ignoring their majors with pe 
The changes of the average values of Impact1, Impact2, and Impact3 were shown in 
Figure 7.8, Figure 7.9, and Figure 7.10 for the individuals disregarding their majors. 
As indicated, there was no significant trend of the undulation of Impact1 with the 
changes of pe, while the average values of Impact2 and Impact3 trended to be 
increased with the increasing of pe. Impact1 was insensitive to pe, but Impact2 and 
Impact3 were sensitive to it in the basic model for the individuals disregarding their 
majors. 
 
Figure 7.11 Changes of Impact1 for the individuals major in engineering with pe 
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Figure 7.12 Changes of Impact2 for the individuals major in engineering with pe 
 
Figure 7.13 Changes of Impact3 for the individuals major in engineering with pe 
The changes of the average impacts in the basic model for the individuals major in 
engineering were shown in Figure 7.11, Figure 7.12, and Figure 7.13. As shown in 
Figure 7.11, the lines of Impact1 were shifted up and down with the changes of pe in a 
small range. As seen in Figure 7.12 and Figure 7.13, the average values of Impact2 
and Impact3 were in the significantly increasing trend with the raise of pe.  
As detected, pe was a sensitive parameter for Impact2 and Impact3 in the basic model, 
but insensitive for Impact1. 
90 
 
 
 
7.5.2 Sensitivity Analysis for the Whole Life of Careers Model 
The sensitivity analysis was indicated by the average values of the net present worth 
of total taxes paid to the federal and the state & local governments together (PW) and 
the net present worth of total taxes paid to the state & local government (sPW) with 
the changes of i, ps, and pe with the sample size of 5000. The basic values of i, ps, and 
pe were 0.1, 0.01, and 0.5, respectively, which was marked as the 0% change in the 
diagrams. As well, the difference of the average of the net present worth of total taxes 
received between by the federal and the state & local governments and the state & 
local government was recorded in the figures. 
The changes of i in the whole life of careers model was from -90% to 100%. When 
there were -90% changes made to i, it was 0.01. When 100% changes were made on i, 
it equaled 0.2. The changes of the average values of PW and sPW were shown in 
Figure 7.14 and Figure 7.15 for all individuals disregarding their majors. 
 
Figure 7.14 Changes of PW for all individuals disregarding their majors with i 
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Figure 7.15 Changes of sPW for all individuals disregarding their majors with i 
As indicated in Figure 7.14 and Figure 7.15, the average values of PW and sPW 
trended to be decreased with the increasing of i either for the individuals who were 
bachelors or for the individuals who received higher degrees. The difference of PW 
between them was shifted around -30% and 0% changes made to i. the difference of 
sPW between the two groups of individuals had the same trend as sPW. It was 
decreased sharply between -90% and -30% changes made, but kept decreasing gently 
from 0% changes to 100% changes made. 
 
Figure 7.16 Changes of PW for the individuals major in engineering with i 
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Figure 7.17 Changes of sPW for the individuals major in engineering with i 
As indicated in Figure 7.16 and Figure 7.17, the average values of PW and sPW for 
the individuals major in engineering were decreased with the changing of i. The 
difference of PW and sPW between the two groups of individuals also trended to be 
decreased, while the decreasing was subdued. 
As described above, the effective annual interest rate (i) was a sensitive parameter in 
the whole life of career model to affect the indicators, and the indicators trended to be 
decreased with its increasing. 
The changes of ps in the whole life of careers model was from -90% to 100%. When 
there were -90% changes made to ps, it was 0.001. When 100% changes were made 
on ps, it equaled 0.02. The changes of the average values of PW and sPW were shown 
in Figure 7.18 and Figure 7.19 for all individuals disregarding their majors. 
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Figure 7.18 Changes of PW for all individuals disregarding their majors with ps 
 
Figure 7.19 Changes of sPW for all individuals disregarding their majors with ps 
As seen in Figure 7.18 and Figure 7.19, there was no fixed trend of PW and sPW with 
the changing of ps. The differences of PW and sPW between the two groups of 
individuals were not changed too much with ps. the difference of PW was around 
$40,000, and the difference of sPW was around $10,000. 
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Figure 7.20 Changes of PW for the individuals major in engineering with ps 
 
Figure 7.21 Changes of sPW for the individuals major in engineering with ps 
As indicated in Figure 7.20 and Figure 7.21, there were no trends on the shift of the 
PW and sPW for the individuals major in engineering with the changing of ps. The 
shift was around a value as well. The difference of PW between the two groups of 
individuals was shifted around $40,000, but there was an abnormal point when -30% 
changes were made. The difference of sPW was shifted around $5,000. 
As detected, ps was an insensitive parameter for the whole life of careers model, and 
the indicators just were shifted up and down in the error range with its changes. 
The changes of pe in the whole life of careers model was from -90% to 80%. When 
there were -90% changes made to pe, it was 0.05. When 80% changes were made on 
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pe, it equaled 0.9. The changes of the average values of PW and sPW were shown in 
Figure 7.22 and Figure 7.23 for all individuals disregarding their majors. 
 
Figure 7.22 Changes of PW for all individuals disregarding their majors with pe 
 
Figure 7.23 Changes of sPW for all individuals disregarding their majors with pe 
As indicated in Figure 7.22 and Figure 7.23, the average values of PW and sPW 
trended to be increased with the increasing of pe. The difference of PW between the 
two groups of individuals was shifted up and down around $50,000 with the changing 
of pe. The difference of sPW was around $10,000 between -90% and 30% changes, 
but had a sharp rise from 30% changes to 80%. 
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Figure 7.24 Changes of PW for the individuals major in engineering with pe 
 
Figure 7.25 Changes of sPW for the individuals major in engineering with pe 
As indicated in Figure 7.24 and Figure 7.25, the average values of PW of the total 
taxes and sPW of the total taxes received from the individuals who received higher 
degrees trended to be increased with the changing of pe, but the average value of sPW 
from the individuals who were bachelors had a sharp decrease when the change was 
from 30% to 80%. The reason why the abnormal point appeared should be the 
instability of the random generation. The difference of PW between the two groups of 
individuals was shifted up and down more sharply than the difference of sPW. And 
the difference of sPW between the two groups of individuals trended to be increased 
with the increasing of pe. 
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As seen, pe was a sensitive parameter in the whole life of career model for the 
indicators, and the indicators trended t be increased with its increasing. 
7.6 Performances with the Tax Rate Changed 
The tax was the way for the governments to receive rewards from the persons, and the 
tax rate was the direct parameter to influence the taxes. Normally, the government 
adjusted the tax rate every several years. In this section, the performances of the 
models were detected with the tax rate changed. There were two different kinds of 
taxes rates considered in this research, which were the sales tax rate and the income 
tax rate. The sales tax rate (rs) utilized as the baseline was 7%, which was for the 
Lincoln city in Nebraska. The changes made were from -90% to 90%. When -90% 
changes were made to rs, it became 0.007, and it was 0.133 with 90% changed to it.  
Table 7.9 Federal income tax rates changed for singles in 2011 
-90% changes -30% changes 0% changes Tax Brackets 
Marginal Tax Rate Over But Not over 
1% 7% 10.0% $              0 $      8,500 
1.5% 10.5% 15.0% $      8,500 $    34,500 
2.5% 17.5% 25.0% $    34,500 $    83,600 
2.8% 19.6% 28.0% $    83,600 $  174,400 
3.3% 23.1% 33.0% $  174,400 $  379,150 
3.5% 24.5% 35.0% $  379,150 
 
 
The income tax rate brackets utilized in the research were for the single individuals 
who had no child. The brackets were not changed for the performance, but only the 
marginal federal income tax rates for each bracket and the effective state income tax 
rates of each bracket were changed by -90% and -30% as shown in Table 7.9 and 
Table 7.10. 
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Table 7.10 State income tax rates changed in 2011 
-90% changes -30% changes 0% changes Tax Brackets 
Effective Tax Rate Over But Not over 
0.256% 1.792% 2.56% $              0 $      2,400 
0.357% 2.499% 3.57% $      2,400 $    17,500 
0.512% 3.584% 5.12% $    17,500 $    27,000 
0.684% 4.788% 6.84% $    27,000 
 
 
The income taxes rates with the corresponding changes were utilized in the model to 
obtain the performances to detect its effects. 
7.6.1 Performances of the Basic Model with the Tax Rate Changed 
The performances of the basic model for all the individuals disregarding their majors 
were obtained when the sales tax rate (rs) was changed, and the results of Impact1, 
Impact2, and Impact3 were shown in Figure 7.26, Figure 7.27, and Figure 7.28. 
 
Figure 7.26 Performances of Impact1 for all individuals disregarding their 
majors with rs 
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Figure 7.27 Performances of Impact2 for all individuals disregarding their 
majors with rs 
 
Figure 7.28 Performances of Impact3 for all individuals disregarding their 
majors with rs 
As indicated in Figure 7.26, the average Imapct1 was shifted up and down around 
1.59 for the federal and the state & local governments together and around 1.54 for 
the state & local government. The average Impact2 and the average Impact3 were 
raised with the increasing of the sales tax rates as shown in Figure 7.27 and Figure 
7.28. 
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Figure 7.29 Performances of Impact1 for the individuals major in engineering 
with rs 
 
Figure 7.30 Performances of Impact2 for the individuals major in engineering 
with rs 
 
Figure 7.31 Performances of Impact3 for the individuals major in engineering 
with rs 
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The performances of the basic model for the individuals major in engineering were 
shown in Figure 7.29, Figure 7.30, and Figure 7.31 with the changing of the sales tax 
rates.As seen in Figure 7.29, the average Impact1 were shifted around 1.25 for the 
federal and the state & local governments together, and around 1.22 for the state & 
local government. In Figure 7.30, the average Impact2 were raised with the increasing 
of rs, especially from -30% changes to 30% changes. The average Impact3 shown in 
Figure 7.31 were increased from -90% changes to 30% changes, while it was 
decreased from 30% changes to 90% changes. 
The changes of the three indicators with the changing of the income tax rate (ri) were 
shown in Table 7.11 for all individuals disregarding their majors and Table 7.12 for 
the individuals major in engineering. 
Table 7.11 Performances of impacts for all individuals disregarding their majors 
with ri 
changes 
The federal and the state & local 
governments together 
The state & local government 
Impact1 Impact2 Impact3 Impact1 Impact2 Impact3 
-90% 1.55 0.07 $    997.4 1.53 0.060 $    799.5 
-30% 1.58 0.18 $ 2,330.2 1.49 0.071 $    901.6 
0% 1.61 0.24 $ 3,179.6 1.55 0.086 $ 1,156.5 
 
Table 7.12 Performances of impacts for the individuals major in engineering 
with ri 
changes 
The federal and the state & local 
governments together 
The state & local government 
Impact1 Impact2 Impact3 Impact1 Impact2 Impact3 
-90% 1.22 0.10 $   524.2 1.21 0.083 $   401.7 
-30% 1.27 0.20 $ 1437.5 1.26 0.091 $   632.2 
0% 1.24 0.23 $ 1646.1 1.19 0.083 $   480.0 
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Figure 7.32 Performances of Impact1 with ri 
 
Figure 7.33 Performances of Impact2 with ri 
 
Figure 7.34 Performances of Impact3 with ri 
As seen in the tables, the average Impact1 was shifted in a small range with the 
changing of the income tax rate, while the average Impact2 and Impact3 trended to be 
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decreased as ri reduced. The abnormal points appeared for the taxes paid to the state 
& local government. The highest impact occurred when -30% changes were made. 
The trends can be seen more clearly in Figure 7.32, Figure 7.33, and Figure 7.34. In 
the figures, "all" was abbreviated for all individuals disregarding their majors, and 
"eng" was abbreviated for the individuals major in engineering. 
As seen, the changing of taxes rates cannot affect Impact1 significantly, while the 
increasing of the tax rate can raise Impact2 and Impact3. 
7.6.2 Performances of the Whole Life of Careers Model with the Tax Rate Changed 
The performances of the whole life of careers model for all the individuals 
disregarding their majors were obtained when the sales tax rate (rs) was changed, and 
the results of the present worth of the total taxes for their whole career life paid to the 
federal and the state & local governments together (PW) and the present worth of the 
total taxes paid to the state & local government (sPW) were shown in Figure 7.35 and 
Figure 7.36. 
 
Figure 7.35 Performances of PW for all individuals disregarding their majors 
with rs 
As indicated in Figure 7.35, the average PW for the individuals who were bachelors 
were shifted up and down around $100,000, and the average PW for the individuals 
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who received higher degrees were also shifted up and down but trended to be 
increased. So the differences between them trended to be increased with waves when 
the sales tax rate was increased. 
 
Figure 7.36 Performances of sPW for all individuals disregarding their majors 
with rs 
As seen in Figure 7.36, the average sPW were raised with rs increasing, while the 
differences of sPW between the two groups of individuals were shifted around 
$10,000. 
 
Figure 7.37 Performances of PW for the individuals major in engineering with rs 
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The performances of the whole life of career model for the individuals major in 
engineering were shown in Figure 7.37 and Figure 7.38 with the changing of the sales 
tax rates. As shown in Figure 7.37, the average PW were shifted by a large margin, 
and the differences of PW between the two groups of individuals had the highest 
value near the baseline. When -90% and 90% changes were made, the differences 
were changed to be negative, where the difference was always the present worth of 
taxes from the individuals who received higher degrees subtracting the present worth 
of taxes from the individuals who were bachelors. 
 
Figure 7.38 Performances of sPW for the individuals major in engineering with 
rs 
As shown in Figure 7.38, the average sPW were increased with the increasing of the 
sales tax rate, while the differences between the two groups of individuals were kept 
around $5,000, except the last point. When 90% changes were made, it had a sharp 
rise, and became higher than $10,000. 
The changes of the indicators in the whole life of careers model with the changing of 
the income tax rate (ri) were shown in Table 7.13 for all individuals disregarding their 
majors and Table 7.14 for the individuals major in engineering. 
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Table 7.13 Performances of PW for all individuals disregarding their majors 
with ri 
changes 
The federal and the state & local 
governments together 
The state & local government 
PW_BD PW_HD difference sPW_BD sPW_HD difference 
-90%  $ 27,903   $  38,904   $  11,001   $  24,227   $  32,179   $     7,951  
-30%  $ 56,811   $  69,414   $  12,603   $  29,887   $  40,423   $  10,536  
0%  $ 84,479   $130,334   $  45,855   $  31,416   $  42,020   $  10,604  
 
"BD" was abbreviated for "the individuals who were bachelors", and "HD" was for 
"the individuals who received higher degrees". 
Table 7.14 Performances of PW for the individuals major in engineering with ri 
changes 
The federal and the state & local 
governments together 
The state & local government 
PW_BD PW_HD difference sPW_BD sPW_HD difference 
-90%  $ 40,275   $  45,447   $    5,172   $  32,778   $  36,970   $    4,192  
-30%  $ 67,331   $110,023   $  42,692   $  41,148   $  44,826   $    3,678  
0%  $ 79,764   $110,232   $  30,468   $  45,946   $  50,741   $    4,795  
 
As seen in Table 7.13, the average PW paid for the whole life of their careers were 
decreased with the income tax rate reduced, and the difference of PW between the 
two groups had the same performance. The average sPW were also fallen with the ri 
decreasing. But the differences of sPW for the federal and the state & local 
governments were increased from 0% to -30% changes made. From -30% to -90% 
changes made, the differences for the state & local government were raised. 
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Figure 7.39 Performance of PW with ri 
As indicated in Figure 7.39, the performances of PW were increased with the 
increasing of ri, except the difference of PW for the individuals major in engineering. 
 
Figure 7.40 Performances of sPW with ri 
As shown in Figure 7.40, most of the sPW had smooth rise but not by large margins. 
There was one reaction on the line of the differences for the individuals major in 
engineering with -30% changes of ri. 
As expected in Chapter 3, the total taxes paid had potential to be increased when the 
income taxes rates were decreased, because more expenditure was made and more 
sales taxes should be paid to the governments. But as the indicated above, the present 
worth was decreased as the income interest rates were decreased. The average taxes 
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paid in each year separately for the individuals who had higher degree disregarding 
the major were shown to discuss the details. The sample size was 5000. 
 
Figure 7.41 Total taxes in each year for the individual who received higher 
degree 
As seen in Figure 7.41, the average total taxes which were the sum of the income 
taxes and the sales taxes were always lower when the -30% changes were made to the 
income taxes rates in the whole life of the career. The total taxes were decreased when 
the income taxes rates were declined. 
 
Figure 7.42 Sales taxes in each year for the individual who received higher 
degree 
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As indicated in Figure 7.42, the average sales taxes paid each year were little higher 
when -30% changes were made to the income taxes rates. It was proved that the 
expenditures were increased when the income taxes rates were decreased. But the 
amount of sales taxes' rise cannot make up the drop of the income taxes. 
As seen the sales taxes should be increased when the income tax rates were decreased. 
A test was done by reducing the income tax rates in a 10% interval using the 
individuals who received higher degrees disregarding their majors. The results were 
shown in Table 7.15. Negative changes in tax rates shown in Table 7.15 and Table 
7.16 were with respect to current rates. 
Table 7.15 Performances of the present worth of the income tax revenues and 
sales tax revenues for the individuals with higher degrees disregarding their 
majors with ri 
Income 
tax rates 
changed 
PW2 
percentage 
of PW2 
increased 
PW1 
percentage 
of PW1 
increased 
sPW1 
percentage 
of sPW1 
increased 
0 $   24,210 0.00% $106,124 0.00% $  17,810 0.00% 
-10% $   25,920 7.06% $  79,853 -24.75% $  16,078 -9.73% 
-20% $   26,429 9.16% $  73,173 -31.05% $  14,337 -19.50% 
-30% $   28,024 15.75% $  41,390 -61.00% $  12,398 -30.39% 
-40% $   28,110 16.11% $  48,388 -54.40% $  10,806 -39.33% 
-50% $   28,021 15.74% $  44,889 -57.70% $    8,918 -49.93% 
-60% $   28,674 18.44% $  33,818 -68.13% $    7,127 -59.98% 
-70% $   29,101 20.20% $  29,203 -72.48% $    5,370 -69.85% 
-80% $   29,649 22.47% $  19,794 -81.35% $    3,577 -79.92% 
-90% $   29,832 23.22% $  12,452 -88.27% $    1,772 -90.05% 
 
As indicated in Table 7.15, PW2 was the present worth of sales tax revenues, PW1 was 
the present worth of income tax revenues received by the federal and the state & local 
governments together, and sPW1 was the present worth of income tax revenues 
received by the state & local government. The percentage of the present worth 
increased was obtained as (the present worth with tax rates changed - the original 
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present worth)/the original present worth. When income tax rates went down, the 
income tax revenues were decreased, meanwhile the sales tax revenues were 
increased. As shown, reduction in income taxes cannot be overcome by increases of 
the sales taxes paid. More detailed results were shown in Table 7.16. 
Table 7.16 Performances of the present worth of the total tax revenues and the 
sales tax revenues for the individuals with higher degrees disregarding their 
majors with ri 
Income 
tax rates 
changed 
PW2 
percentage 
of PW2 
increased 
PW3 
percentage 
of PW3 
increased 
sPW3 
percentage 
of sPW3 
increased 
0 $   24,210 0.00% $130,334 0.00% $   42,020 0.00% 
-10% $   25,920 7.06% $105,773 -18.84% $   41,997 -0.06% 
-20% $   26,429 9.16% $  99,602 -23.58% $   40,766 -2.98% 
-30% $   28,024 15.75% $  69,414 -46.74% $   40,423 -3.80% 
-40% $   28,110 16.11% $  76,498 -41.31% $   38,916 -7.39% 
-50% $   28,021 15.74% $  72,910 -44.06% $   36,939 -12.09% 
-60% $   28,674 18.44% $  62,491 -52.05% $   35,801 -14.80% 
-70% $   29,101 20.20% $  58,304 -55.27% $   34,471 -17.97% 
-80% $   29,649 22.47% $  49,444 -62.06% $   33,226 -20.93% 
-90% $   29,832 23.22% $  42,284 -67.56% $   31,604 -24.79% 
 
As indicated in Table 7.16, PW3 was the present worth of total tax revenues received 
by the federal and the state & local governments together, and sPW3 was the present 
worth of total tax revenues received by the state & local government. All of the 
percentages of PW2 increased were positive, while all of the percentages of PW3 and 
sPW3 increased were negative. It meant that the sales taxes were increased while the 
total tax revenues were decreased when the income tax rates were reduced. If a 10% 
change was set to be the significant level, the present worth of sales taxes can be 
raised significantly when 30% of income tax rates were declined, while the present 
worth of total tax revenues to the state & local government had a significant drop 
when 50% of income tax rates were declined. The present worth of total tax revenues 
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to the federal and the state & local governments was decreased significantly as soon 
as 10% of income tax rates were declined. There was one point special for PW3 when 
40% of income tax rates were declined. PW3 with -40% changes of income tax rates 
were higher than PW3 with -30% changes, and both of the percentages of decreasing 
were less than 50%. It can be seen more clearly in Figure 7.43. 
 
Figure 7.43 Performances of the present worth for the individuals with higher 
degrees disregarding their majors with ri changing 
The total tax revenues were supposed to be increased with the income tax rates 
falling, while the data showed an opposite results. The sales tax revenues were 
increased with the income tax rates falling as expected, but the incremental of the 
sales tax revenues cannot make up the decreases of the income tax revenues. In this 
research, the innovation or improvement of the communities contributed by the 
individuals and more money made by the communities because of the work of the 
individuals were not reflected, which can also give affects to the tax revenues. The 
affects to the tax revenues should be positive. So it was most possible that the point 
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that 40% of the income tax rates reduced had the potential to give the most significant 
increases of the tax revenues. 
In addition, when income tax rates were decreased, more expenditure was made by 
individuals and the corresponding communities can have more sales and profits. 
Corporate income tax revenues can result more tax revenues to the government due to 
the increasing of the expenditure. 
The increasing of the taxes rates can give a significant rise to the present worth of 
total taxes in every case, but it cannot influence the difference between the two groups 
of individuals significantly. 
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Chapter 8 Conclusions 
In this research, the simulation models were utilized to obtain the economic impacts 
for the government to support an individual to accept the higher than undergraduate 
education. The mathematical models in the literature research always focused on 
groups of peoples and the amount of money spent in the given area, while the 
simulation models in this research were about the individuals and the tax revenues 
received by the government. Five specified objectives were realized by the simulation 
models. 
The chain to show the cash flows for an individual's expenditures was created, which 
was the first objective in Chapter 3. In the chain, it was seen that taxes were paid by 
the individuals and they were received by the government. The taxes received by the 
federal and the state & local governments were spent in different ways. Hence, 
specific values of the revenues should be meaningful and useful to understand the 
direct economic impact to cities, states and federal governments. The taxes revenue 
was a quantitative and measurable indicator which can link the individuals and the 
government. It should be varied due to the changes of the individuals' salaries from 
bachelors to masters or doctors. The taxes revenues were an understandable measure 
of economic impact. So the taxes received by the government were selected to be the 
indicators to express the impacts. The tax revenues from one individual in this 
research included the direct income taxes and the direct sales taxes paid to the 
government by the individual and also the indirect sales taxes received by the 
government due to the contributions of the individual's expenditures. 
The second objective was to estimate the economic impact of the income increased by 
receiving a graduate degree for an individual new to the career. It was achieved by the 
basic model, and it was reflected on the annual tax revenues of the government in the 
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first year when the individual went into the profession. There were three indicators 
utilized, including the ratio between the taxes received from the bachelor degreed 
engineer and the advanced degreed individuals (Impact1), the increases of taxes 
received by one dollar increased in their salaries (Impact2), and the difference of the 
taxes between the bachelor degreed engineers and the advanced degreed engineers 
and other professionals (Impact3). . The difference was obtained by utilizing the taxes 
received from the individuals who received higher degrees and subtracting the taxes 
from the individuals who only received bachelors' degrees. 
In the basic model, the average level of Impact1 to the federal and the state & local 
governments together for all individuals disregarding their majors was 1.6, which 
meant if the individual who had a bachelor’s degree paid one dollar in taxes to the 
federal and the state & local governments, the individual who received a higher 
degree would contribute 1.6 dollars per year. The average level of Impact1 to the state 
& local government was 1.5. For the individuals major in engineering, the average 
levels of Impact1 both to the federal and the state & local governments and to the 
state & local government were about 1.3. The average level of Impact2 to the 
governments together for all individuals was about 0.2, and it was 0.3 for the 
individuals major in engineering, which meant that if one dollar was increased to the 
salaries for the individual who received a higher degree, 0.2 dollars more would be 
contributed in the taxes by a general person and 0.3 dollars more by a person major in 
engineering. The average levels of Impact2 to the state & local government were 0.1 
from either the individuals disregarding their majors or the individuals major in 
engineering. The average value of Impact3 was about three thousand dollars to the 
federal and the state & local governments for the individuals disregarding their 
majors, and it was about one thousand dollars to the state & local governments in the 
115 
 
 
 
first year when they went into their career. It was about two thousand dollars to the 
federal and the state & local governments for the individuals major in engineering, 
and around 0.7 thousand dollars to the state & local government. 
It was expected that the government receive more taxes from the individuals who 
received masters' or doctoral degrees, because their salaries were always higher than 
the individuals who were only bachelors. The results can be used by the government 
to more clearly determine the return on investment in higher education especially 
engineering.  
The third objective in the research was to estimate the total amount of taxes of the 
government including the primary and secondary taxes revenues in the whole life of 
the career for an individual. It was obtained by the whole life of careers model, and 
the present worth of taxes revenues were utilized as the indicator to show the results. 
The value of the present worth and the difference of the present worth between the 
two groups of individuals were the outputs in this model. 
In the whole life of careers model, for all individuals disregarding their majors the 
average present worth of total taxes received from the individuals who received 
higher degrees were found. The federal and the state & local governments received 
approximately $50,000 more than from the individuals who got an incremental salary 
increase due to receiving an advanced degree, and of that 
$50,000approximately$11,000went to  the state & local government. For the 
individuals major in engineering, the average difference between the individuals with 
higher degrees and the individuals with bachelors' degrees of taxes received by the 
federal and the state & local governments was approximately $30,000, and it was 
approximately $5000for the state & local governments. As seen in the results, the 
average differences of the taxes paid by all individuals ($50,000 and $11,000) were 
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higher than the average difference by the individuals major in engineering ($30,000 
and $5,000). A bachelor's degree major in engineering was valuable and the increase 
to an advanced degree was relatively small when compared to others. The increment 
from a non-engineering bachelor's degree to an advanced was eager. 
The differences of the present worth of total tax revenues between the two groups of 
individuals were positive as indicated, since the individuals with higher degrees 
always can earn more. The tax revenues due to higher pay for advanced degrees 
cascaded through the spending chain even excluding the impact on secondary income 
taxes or innovations due to advanced education to result in a justification for support 
of higher education from taxing bodies. Economic analysis of cost of education to the 
student and contributions by governments in support of education can be made. 
Clearly more government support for graduate education could be justified based 
upon the economic returns assuming the addition tax revenues generated could be 
spent on the sources of the generation rather than other government spending needs. 
The suggested investments by the government on an advanced degree cannot be 
higher than the incremental of the total tax revenues. It was recommended that the 
highest funding on a graduate degree major in engineering should be $30,000 for the 
federal and the state & local government, and it was $5,000 for the state & local 
government. If the major can be disregarded, the funding from the federal and the 
state & local governments should be lower than $50,000, and it should be lower than 
$11,000 from the state & local government. 
As University of Nebraska – Lincoln taken to be the example, the fees were $1504 per 
year for every graduate student. The resident tuition was $216 per credit hour for the 
people who were Nebraskan, and the non-resident tuition was $641 per credit hour. 
The minimum credits for a single graduate student should be nine hours per semester. 
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The tuition and fees were $5392 for the resident and $13,042 for the non-resident per 
year. It requires two years to receive a master’s degree normally. The funding needed 
to pay the total tuition and fees for a graduate student were $10,784 for the resident 
and $26,048 for the non-resident. As indicated in the whole life of careers model, the 
average difference of the present worth of tax revenues received by the federal and the 
state & local governments were higher than $26 thousand dollars. But the average 
difference of the present worth of tax revenues received by the state & local 
government were higher than $10784, but lower than $26048. It was affordable to 
give funding to the resident graduate student to achieve a master’s degree for the state 
& local government itself. Funding the non-resident graduate student could lead too 
much pressure on the state & local government itself. It suggested that the federal 
government needed to support a non-resident graduate student with the state & local 
government together. The additional funding support for graduate students would 
require that their employment be in Nebraska for the tax revenues to be used to 
recover the investment. 
From the results of the two simulation models, the individuals with higher degrees can 
contribute more tax revenues to the governments than the individuals only with 
bachelors' degrees. It was suggested that the additional part of the revenues of the 
governments can be spent to educate more persons to receive advanced degrees. The 
governments can receive more taxes due to the number of masters or doctors 
increased. It was beneficial circulation for the governments. 
The fourth objective was to obtain the trends of the impact to the governments due to 
the changing of the parameters' values. The sensitivity analysis was constructed for 
both of the models to attain it, which was to get the changes of the outputs with the 
parameters changing. The effective annual interest rate utilized to calculate the 
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present worth in the whole life of careers model was a sensitive parameter, and it gave 
the negative effects, because this parameter was in the denominator in the equation to 
calculate the present worth. Both of the models were not sensitive to the percentage of 
the individual's income to stop adding the indirect contributions (ps) in the range 
simulated. Most of the outputs in the models were sensitive to the percentage of the 
direct expenditures paid to the employees in the corresponding places (pe), and pe can 
give positive influences in most cases. Impact1 in the basic model was insensitive to 
pe, and the reason should be the taxes received from the two groups of individuals had 
the nearly equivalent increases when pe was increased.   The model reinforced the 
importance of the cost of labor in the eighteen expenditure areas. Lower labor cost 
also reduces the income taxes paid to employees in the secondary levels which were 
not considered in the model. The sales taxes on the expenditures made by the 
secondary employees in the spending chain were considered. Thus the model 
emphasized the economic impact of spending through tax revenues. 
The fifth objective was to obtain the impact on the tax revenues including the primary 
and the secondary tax revenues from one individual to the government with the tax 
rate going down. It was reached to obtain the changes of the outputs by reducing the 
taxes rates as desired. Most of the outputs in the models were sensitive to the sales tax 
rate, and they trended to be raised with the sales tax rate increasing, since the amount 
of sales taxes grew and more sales taxes were counted into the total taxes. Impact1 in 
the basic model was not sensitive to it, and the reason should be the rise of the sales 
tax rate can give closed increases to the taxes from the two groups of individuals. 
When the income tax rate was decreased, Impact2 and Impact3 were also decreased in 
the basic model, but Impact1 were kept nearly consistent. Most outputs of the whole 
life of careers model were dropped with the income tax rate decreasing. The 
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difference of the present worth of taxes received by the federal and the state & local 
governments from the individuals major in engineering appeared to be highest when -
30% changes made to the income tax rate. There were only little decreases of the 
difference of the present worth of taxes received by the state & local government 
when the income tax rate decreased. The total taxes paid were not increased by 
decreasing the income tax rate. The main reason should be that the income taxes had 
more contributions on the total taxes to the governments, and even if the income taxes 
were decreased, the individuals did not make significantly more expenditures. 
As indicated by the whole life of careers model for the individuals who received 
higher degrees disregarding their majors with the income tax rates reduced in a 10% 
interval, a reduction in income tax rate for individual did not result in a net tax gain 
for the government.  
There were some limitations in the research. The innovation or improvement that an 
individual contributed to their community or employer that could impact the local or 
state economy was not reflected in the model, excepting possible increase in salary for 
doing a good job. In addition, the same package of distributions of the percentages of 
the incomes on expenditures was utilized when the income tax rates were changed 
and spending patterns may have changed. In this research, the tax revenues from only 
the individuals were focused on. Corporate income tax revenues due to more 
expenditures should result in more total tax revenues, which was not included in the 
research. Even though the total tax revenues were not increased by the reduction of 
the income tax rates, it was recommended that 40% of income tax rates decreased 
should be the deduction limitation and have the greatest potential to give the most 
significant increase of the tax revenues for the government. 
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In addition, the simulation models were run based on several assumptions which led 
to some other limitations. All individuals in the model were full-time employees with 
a bachelor’s degree or higher, and all individuals were assumed to be single without 
children. But there were various individuals in the real world, such as the individuals 
married without children, and the individuals married with children, thus the many 
different scenarios including tax deductions and other revenues that could be possible 
impact tax revenues were not considered. The simplest and most normal situation was 
selected to be analyzed in the model. It cannot be guaranteed that all graduates can 
obtain a full time job immediately after graduation. It was assumed that an individual 
can receive a bachelor’s degree when he/she was 22 years old, and an individual can 
receive a higher degree when he/she was 25 years old, but the ages at which the 
degrees were received were varied for different individuals. The higher degree in the 
research can be a master's degree or a doctoral degree because the raw census data 
gave the classification in this way, but the situations should be different for the 
masters from the doctors in the real world. The income tax revenues from the 
employees in the secondary levels were not counted into the total tax revenues. 
The future research can focus on the corporate income tax revenues to the 
governments due to the contributions of the individuals' salaries increased when an 
advanced degree is received. When more expenditure is made by an individual due to 
the incremental of the salary, more sales and profits can be obtained by the company. 
Therefore, there should be more corporate income tax revenues to the governments. 
Moreover, the individual who has received an advanced degree is expected to bring 
more innovation or improvement to the company, which can help the company to gain 
more money. The corporate income tax revenues can also be influenced by one's 
knowledge.  
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Chapter 9 Contribution to the body of knowledge 
The research presents a simulation model to analyze the economic impacts of a 
graduate degree to the governments. In the simulation model, the outputs are indicated 
by the taxes received by the governments. The inputs are the salary, the expenditures 
patterns, and the taxes rates. The modeling of the spending chain to include the direct 
and indirect taxes paid as a result of an increase in salary due to obtaining an 
advanced degree is a new research topic.  The spending chain includes eighteen areas 
of spending for an individual and those same eighteen areas of spending for 
individuals who have incomes as a result of the original individual’s spending. Each 
of the eighteen areas of spending were represented by Monte Carlo simulation from a 
data distribution generated based upon an analysis of data from US Census spending 
patterns in each category. It is simple to change the values of the parameters and a 
complete a sensitivity analysis in the simulation model.. For different individuals, the 
model can have different inputs, and generatethe corresponding outputs. It is a 
convenience method to obtain the taxes paid to the governments. The economic 
impacts of a graduate degree to the governments  can be obtained based on the taxes 
revenues. 
The simulation model was created to obtain tax revenues. It can combine more factors 
into account, and it was not necessary to keep drastic simplifications as the 
mathematical model to make sure that the equation system can be solved. The model 
was built based on primary and secondary tax revenues (usually dollars spent in a 
community was used) to indicate economic impacts. The model of the spending chain 
using census data was new.  
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Appendix A: A sample of the raw data for the individuals' expenditures 
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Appendix B: Programming code of the basic model for individuals disregarding 
their majors 
clear; 
  
% variable defination & initialization 
t=5000; % number of trials 
inc0 = zeros (1, t); % the before tax income for the individual with BD 
inc1 = zeros (1, t); % the before tax income for the individual with higher than BD 
tax0 = zeros (1, t); % total taxes for an individual including inctax and contax 
tax1 = zeros (1, t); 
stax0 = zeros (1, t); % total taxes for an individual contributing to the state government 
stax1 = zeros (1, t); 
imp = zeros (3, t); % the ratio between tax1 and tax0, the 3rd row indicates the difference 
simp = zeros (3, t); % the impact for the state government 
atinc0 = zeros (1, t); % the after tax income 
atinc1 = zeros (1, t); 
finctax0 = zeros (1, t); % federal income taxes 
finctax1 = zeros (1, t); 
sinctax0 = zeros (1, t); % state income taxes 
sinctax1 = zeros (1, t); 
inctax0 = zeros (1, t); % the income taxes 
inctax1 = zeros (1, t); 
% 18 as the number of categories and 18 estimated as the rountines of the impacts 
perofcon0 = zeros (18, 10);  
perofcon1 = zeros (18, 10); 
% percentage of expenditures on each category in rows 
con0 = zeros (18, 10); % expenditures on each category 
con1 = zeros (18, 10); 
contax0 = zeros (18, 10); % tax of corresponding expenditures 
contax1 = zeros (18, 10); 
sumcontax0 = zeros (1, t); % the concumption taxes totally 
sumcontax1 = zeros (1, t); 
  
% Assignment for the individuals 
inc0 = 10000 + 140000*betarnd(3.63,18.1,1,t); % the distribution for all BD 
inc1 = 10000 + 170000*betarnd(3.73,13.7,1,t); % the distribution for all Higher 
  
% Income Taxes for Single 
for i=1:t 
    if inc0(1,i) <= 8500 
        finctax0(1,i) = 0.10*inc0(1,i); 
    elseif 8500<inc0(1,i)<=34500 
        finctax0(1,i) = 0.10*8500 + 0.15*(inc0(1,i)-8500); 
    elseif 34500<inc0(1,i)<=83600 
        finctax0(1,i) = 0.10*8500+0.15*(34500-8500)+0.25*(inc0(1,i)-34500); 
    elseif 83600<inc0(1,i)<=174400 
        finctax0(1,i) = 0.10*8500+0.15*(34500-8500)+0.25*(83600-34500)+0.28*(inc0(1,i)-83600); 
    elseif 174400<inc0(1,i)<=379150 
        finctax0(1,i) = 0.10*8500+0.15*(34500-8500)+0.25*(83600-34500)+0.28*(174400-
83600)+0.33*(inc0(1,i)-174400); 
    elseif inc0(1,i)>379150 
        finctax0(1,i) = 0.10*8500+0.15*(34500-8500)+0.25*(83600-34500)+0.28*(174400-
83600)+0.33*(379150-174400)+0.35*(inc0(1,i)-379150); 
    end; 
    if inc0(1,i) <= 2400 
        sinctax0(1,i) = 0.0256*inc0(1,i); 
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    elseif 2400<inc0(1,i)<=17500 
        sinctax0(1,i) = 0.0357*inc0(1,i); 
    elseif 17500<inc0(1,i)<=27000 
        sinctax0(1,i) = 0.0512*inc0(1,i); 
    elseif inc0(1,i)>27000 
        sinctax0(1,i) = 0.0684*inc0(1,i); 
    end; 
    inctax0(1,i)=finctax0(1,i) + sinctax0(1,i); 
    atinc0(1,i)=inc0(1,i)-inctax0(1,i); 
    tax0(1,i)=tax0(1,i)+inctax0(1,i); 
    stax0(1,i)=stax0(1,i)+sinctax0(1,i); 
    if inc1(1,i) <= 8500 
        finctax1(1,i) = 0.10*inc1(1,i); 
    elseif 8500<inc1(1,i)<=34500 
        finctax1(1,i) = 0.10*8500 + 0.15*(inc1(1,i)-8500); 
    elseif 34500<inc1(1,i)<=83600 
        finctax1(1,i) = 0.10*8500+0.15*(34500-8500)+0.25*(inc1(1,i)-34500); 
    elseif 83600<inc1(1,i)<=174400 
        finctax1(1,i) = 0.10*8500+0.15*(34500-8500)+0.25*(83600-34500)+0.28*(inc1(1,i)-83600); 
    elseif 174400<inc1(1,i)<=379150 
        finctax1(1,i) = 0.10*8500+0.15*(34500-8500)+0.25*(83600-34500)+0.28*(174400-
83600)+0.33*(inc1(1,i)-174400); 
    elseif inc1(1,i)>379150 
        finctax1(1,i) = 0.10*8500+0.15*(34500-8500)+0.25*(83600-34500)+0.28*(174400-
83600)+0.33*(379150-174400)+0.35*(inc1(1,i)-379150); 
    end; 
    if inc1(1,i) <= 2400 
        sinctax1(1,i) = 0.0256*inc1(1,i); 
    elseif 2400<inc1(1,i)<=17500 
        sinctax1(1,i) = 0.0357*inc1(1,i); 
    elseif 17500<inc1(1,i)<=27000 
        sinctax1(1,i) = 0.0512*inc1(1,i); 
    elseif inc0(1,i)>27000 
        sinctax1(1,i) = 0.0684*inc1(1,i); 
    end; 
    inctax1(1,i)=finctax1(1,i) + sinctax1(1,i); 
    atinc1(1,i) = inc1(1,i)-inctax1(1,i); 
    tax1(1,i)=tax1(1,i)+inctax1(1,i); 
    stax1(1,i)=stax1(1,i)+sinctax1(1,i);     
end; 
  
  
% Expenditures Determination based on income and education 
perofcon0(1,1)=0.04+exprnd(0.014); % food at home 
perofcon0(2,1)=0.03+weibrnd(3.27*10^9,5.29); % food away home 
perofcon0(3,1)=weibrnd(2.75*10^21,10.4); % alcoholic beverages   
perofcon0(4,1)=0.09+lognrnd(-3.42,0.513); % owned housing 
perofcon0(5,1)=0.02+lognrnd(-4.13,0.501); % rented housing 
u1=rand; perofcon0(6,1)=(u1<=(0.11-0.04)/(0.14-0.04)).*(0.04+sqrt((0.14-0.04)*(0.11-
0.04)*u1))+(u1>(0.11-0.04)/(0.14-0.04)).*(0.14-sqrt((1-u1)*(0.14-0.04)*(0.14-0.11))); % house 
repairing and maintainance 
perofcon0(7,1)=0.04+0.06*betarnd(0.406,1.93); % utilities 
perofcon0(8,1)=0.02+lognrnd(-4.40,0.362); % clothes 
u2=rand; perofcon0(9,1)=(u2<=(0.023-0.02)/(0.05-0.02)).*(0.02+sqrt((0.05-0.02)*(0.023-
0.02)*u2))+(u2>(0.023-0.02)/(0.05-0.02)).*(0.05-sqrt((1-u2)*(0.05-0.02)*(0.05-0.023))); % new 
vehicle 
perofcon0(10,1)=0.01+lognrnd(-4.32,0.496); % used vehicle 
perofcon0(11,1)=0.01+lognrnd(-4.05,0.380); % gasoline 
perofcon0(12,1)=0.01+lognrnd(-5.36,0.445); % vehicle insurance 
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perofcon0(13,1)=0.01+lognrnd(-4.53,0.179); % healthcare excluding insurance 
perofcon0(14,1)=0.01+lognrnd(-4.41,0.286); % health insurance 
perofcon0(15,1)=0.03+lognrnd(-4.38,0.231); % entertainment 
perofcon0(16,1)=lognrnd(-5.88,0.455); % tobacco products 
perofcon0(17,1)=0.02+weibrnd(123528.5,5.18); % other expenditures 
perofcon = 0; % percentage of all expenditures 
for l=1:17 
    perofcon = perofcon + perofcon0(l,1); 
end; 
perofcon0(18,1)=1-perofcon; % percentage of after tax income for saving 
  
perofcon1(1,1)=0.03+lognrnd(-4.27,0.368); % food at home 
perofcon1(2,1)=normrnd(0.0405,0.00292); % food away home 
perofcon1(3,1)=0.01*betarnd(7.51,3.12248); % alcoholic beverages     
perofcon1(4,1)=0.1+lognrnd(-4.15,0.698); % owned housing 
perofcon1(5,1)=0.01+lognrnd(-4.20,0.390); % rented housing 
u3=rand; perofcon1(6,1)=(u3<=(0.109-0.06)/(0.13-0.06)).*(0.06+sqrt((0.13-0.06)*(0.109-
0.06)*u3))+(u3>(0.109-0.06)/(0.13-0.06)).*(0.13-sqrt((1-u3)*(0.13-0.06)*(0.13-0.109))); % house 
repair and maintainance 
perofcon1(7,1)=0.03+exprnd(0.0126); % utilities 
perofcon1(8,1)=0.01+lognrnd(-4.02,0.283); % clothes 
perofcon1(9,1)=0.01+0.03*betarnd(3.53,2.7); % new vehicle 
perofcon1(10,1)=0.04*betarnd(5.63,6.74544); % used vehicle 
perofcon1(11,1)=0.01+lognrnd(-4.42,0.458); % gasoline 
perofcon1(12,1)=0.03*betarnd(11.7,13.9954); % vehicle insurance 
perofcon1(13,1)=0.01+lognrnd(-4.63,0.158); % healthcare excluding insurance 
perofcon1(14,1)=0.01+lognrnd(-4.60,0.340); % health insurance 
perofcon1(15,1)=0.03+lognrnd(-4.56,0.283); % entertainment 
perofcon1(16,1)=lognrnd(-6.44,0.605); % tobacco products 
perofcon1(17,1)=0.05+weibrnd(99650.37,4.74); % other expenditures 
perofcon = 0; % percentage of all expenditures 
for l=1:17 
    perofcon = perofcon + perofcon1(l,1); 
end; 
perofcon1(18,1)=1-perofcon; % percentage of after tax income for saving 
  
% main procedure: cash flows 
for i=1:t 
    expen0=0; % the total expenditures including indirect individuals 
    for j=1:18 
        con0(j,1) = perofcon0(j,1)*atinc0(1,i); 
        expen0 = expen0+con0(j,1);             
            if j==1||j==4||j==5||j==7||j==12||j==14||j==18 
               contax0(j,1)=0*con0(j,1);             
            else 
               contax0(j,1)=(0.07/1.07)*con0(j,1);        
            end; 
     end; 
    m=0; 
    while expen0 > 0.01*inc0(1,i)  % routines stoped when the total expenditures less than 1% of 
income 
        ininc0=0; % the indirect increased income from the expenditures         
        m=m+1; %the m th routine 
        ininc0 = 0.5*expen0; % assume 50% of the expenditures utilized to increase the workers' income 
        % the distribution of overall cosumers utilized 
        perofcon0(1,m+1)=0.05+lognrnd(-4.40,0.348); % food at home 
        perofcon0(2,m+1)=0.04+0.02*betarnd(2.42,5.5); % food away home 
        perofcon0(3,m+1)=0.01*betarnd(26.3,7.18603); % alcoholic beverages   
        perofcon0(4,m+1)=normrnd(0.108,0.00323); % owned housing 
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        u4=rand; perofcon0(5,m+1)=(u4<=(0.047-0.04)/(0.05-0.04)).*(0.04+sqrt((0.05-0.04)*(0.047-
0.04)*u4))+(u4>(0.047-0.04)/(0.05-0.04)).*(0.05-sqrt((1-u4)*(0.05-0.04)*(0.05-0.047))); % rented 
housing 
        perofcon0(6,m+1)=0.12+exprnd(0.00559); % house repair and maintainance 
        perofcon0(7,m+1)=0.05+lognrnd(-4.78,0.207); % utilities 
        perofcon0(8,m+1)=0.02+lognrnd(-4.34,0.336); % clothes 
        perofcon0(9,m+1)=0.01+0.04*betarnd(2.85,2.53); % new vehicle 
        perofcon0(10,m+1)=0.01+lognrnd(-3.98,0.380); % used vehicle 
        perofcon0(11,m+1)=0.02+lognrnd(-4.38,0.399); % gasoline 
        perofcon0(12,m+1)=0.01+0.01*betarnd(8.86,2.66); % vehicle insurance 
        perofcon0(13,m+1)=random('uniform',0.021,0.026); % healthcare excluding insurance 
        perofcon0(14,m+1)=0.02+weibrnd(3.86*10^6,3.02); % health insurance 
        perofcon0(15,m+1)=normrnd(0.0434,0.0015); % entertainment 
        perofcon0(16,m+1)=0.01*betarnd(19.9,13.4509); % tobacco products 
        perofcon0(17,m+1)=0.09+lognrnd(-4.54,0.389); % other expenditures 
        perofcon = 0; % percentage of all expenditures 
        for l=1:17 
            perofcon = perofcon + perofcon0(l,m+1); 
        end; 
        perofcon0(18,m+1)=1-perofcon; % percentage of after tax income for saving 
        expen0=0; % initial the expenditurs for the (m+1)th routine 
        for j=1:18 
            con0(j,m+1) = perofcon0(j,m+1)*ininc0; 
            expen0 = expen0+con0(j,m+1);             
            if j==1||j==4||j==5||j==7||j==12||j==14||j==18 
               contax0(j,m+1)=0*con0(j,m+1);                    
            else  
               contax0(j,m+1)=(0.07/1.07)*con0(j,m+1);        
            end; 
        end; 
    end; 
     
    expen1=0; % the total expenditures including indirect individuals 
    for j=1:18 
        con1(j,1) = perofcon1(j,1)*atinc1(1,i); 
        expen1 = expen1+con1(j,1);             
            if j==1||j==4||j==5||j==7||j==12||j==14||j==18 
               contax1(j,1)=0*con1(j,1);                     
            else 
               contax1(j,1)=(0.07/1.07)*con1(j,1);        
            end; 
     end; 
    n=0; 
    while expen1 > 0.01*inc1(1,i)  % routines stoped when the total expenditures less than 1% of 
income 
        ininc1=0; % the indirect increased income from the expenditures         
        n=n+1; %the m th routine 
        ininc1 = 0.5*expen1; % assume 50% of the expenditures utilized to increase the workers' income 
        % the distribution of overall cosumers utilized 
        perofcon1(1,n+1)=0.05+lognrnd(-4.40,0.348); % food at home 
        perofcon1(2,n+1)=0.04+0.02*betarnd(2.42,5.5); % food away home 
        perofcon1(3,n+1)=0.01*betarnd(26.3,7.18603); % alcoholic beverages   
        perofcon1(4,n+1)=normrnd(0.108,0.00323); % owned housing 
        u5=rand; perofcon1(5,n+1)=(u5<=(0.047-0.04)/(0.05-0.04)).*(0.04+sqrt((0.05-0.04)*(0.047-
0.04)*u5))+(u5>(0.047-0.04)/(0.05-0.04)).*(0.05-sqrt((1-u5)*(0.05-0.04)*(0.05-0.047))); % rented 
housing 
        perofcon1(6,n+1)=0.12+exprnd(0.00559); % house repair and maintainance 
        perofcon1(7,n+1)=0.05+lognrnd(-4.78,0.207); % utilities 
        perofcon1(8,n+1)=0.02+lognrnd(-4.34,0.336); % clothes 
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        perofcon1(9,n+1)=0.01+0.04*betarnd(2.85,2.53); % new vehicle 
        perofcon1(10,n+1)=0.01+lognrnd(-3.98,0.380); % used vehicle 
        perofcon1(11,n+1)=0.02+lognrnd(-4.38,0.399); % gasoline 
        perofcon1(12,n+1)=0.01+0.01*betarnd(8.86,2.66); % vehicle insurance 
        perofcon1(13,n+1)=random('uniform',0.021,0.026); % healthcare excluding insurance 
        perofcon1(14,n+1)=0.02+weibrnd(3.86*10^6,3.02); % health insurance 
        perofcon1(15,n+1)=normrnd(0.0434,0.0015); % entertainment 
        perofcon1(16,n+1)=0.01*betarnd(19.9,13.4509); % tobacco products 
        perofcon1(17,n+1)=0.09+lognrnd(-4.54,0.389); % other expenditures 
        perofcon = 0; % percentage of all expenditures 
        for l=1:17 
            perofcon = perofcon + perofcon1(l,n+1); 
        end; 
        perofcon1(18,n+1)=1-perofcon; % percentage of after tax income for saving 
        expen1=0; % initial the expenditurs for the (n+1)th routine 
        for j=1:18 
            con1(j,n+1) = perofcon1(j,n+1)*ininc1; 
            expen1 = expen1+con1(j,n+1);             
            if j==1||j==4||j==5||j==7||j==12||j==14||j==18 
               contax1(j,n+1)=0*con1(j,n+1);                     
            else 
               contax1(j,n+1)=(0.07/1.07)*con1(j,n+1);        
            end; 
        end; 
    end; 
    % obtain the sum of the expenditures taxes and add it to tax 
    sumcontax0(1,i)=sum((sum(contax0))'); 
    tax0(1,i)=tax0(1,i)+sumcontax0(1,i); 
    stax0(1,i)=stax0(1,i)+sumcontax0(1,i); 
    sumcontax1(1,i)=sum((sum(contax1))'); 
    tax1(1,i)=tax1(1,i)+sumcontax1(1,i); 
    stax1(1,i)=stax1(1,i)+sumcontax1(1,i); 
end; 
  
% obtain the difference between tax0 and tax1 
for i=1:t 
    imp(1,i) = tax1(1,i)/tax0(1,i); 
    simp(1,i) = stax1(1,i)/stax0(1,i); 
    imp(2,i) = (tax1(1,i)-tax0(1,i))/(inc1(1,i)-inc0(1,i)); 
    simp(2,i) = (stax1(1,i)-stax0(1,i))/(inc1(1,i)-inc0(1,i)); 
    imp(3,i) = tax1(1,i)-tax0(1,i); 
    simp(3,i) = stax1(1,i)-stax0(1,i); 
end; 
impact = mean(imp'); 
simpact = mean(simp'); 
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Appendix C: Programming code of the whole life of careers model for 
individuals who only received bachelors' degrees disregarding their majors 
clear; 
  
% variable defination & initialization 
t = 5000; % number of trials 
r = 0.10; % the effective annual interest rate 
inc = zeros (t, 5); % the before tax income for the individual 
tax1 = zeros (t, 3); % annual total taxes for an individual including inctax and contax in the 1st stage 
(younger than 25) 
tax2 = zeros (t, 10); % annual total taxes in the 2nd stage (25 to 24) 
tax3 = zeros (t, 10); % annual total taxes in the 3rd stage (35 to 44) 
tax4 = zeros (t, 10); % annual total taxes in the 4th stage (45 to 54) 
tax5 = zeros (t, 10); % annual total taxes in the 5th stage (55 to 64) 
stax1 = zeros (t, 3); % annual total state taxes for an individual including inctax and contax in the 1st 
stage (younger than 25) 
stax2 = zeros (t, 10); % annual total state taxes in the 2nd stage (25 to 24) 
stax3 = zeros (t, 10); % annual total state taxes in the 3rd stage (35 to 44) 
stax4 = zeros (t, 10); % annual total state taxes in the 4th stage (45 to 54) 
stax5 = zeros (t, 10); % annual total state taxes in the 5th stage (55 to 64) 
atinc = zeros (t, 5); % the after tax income 
inctax = zeros (t, 5); % the income taxes 
finctax = zeros (t, 5); % the federal income taxes 
sinctax = zeros (t, 5); % the state income taxes 
% 18 as the number of categories and 18 estimated as the rountines of the impacts 
perofcon = zeros (18, 10);  
% percentage of expenditures on each category in rows 
con = zeros (18, 10); % expenditures on each category 
contax = zeros (18, 10); % tax of corresponding expenditures 
sumcontax1 = zeros (t, 3); % annual consumption taxes totally in the 1st stage 
sumcontax2 = zeros (t, 10); % annual consumption taxes in the 2nd stage 
sumcontax3 = zeros (t, 10); % annual consumption taxes in the 3rd stage 
sumcontax4 = zeros (t, 10); % annual consumption taxes in the 4th stage 
sumcontax5 = zeros (t, 10); % annual consumption taxes in the 5th stage 
PW = zeros(t,3); % the 1st column is for income taxes, the 2nd column is for consumption taxes, the 
3rd column is for total taxes 
sPW = zeros(t,3); 
  
% begin the replication 
for n=1:t 
  
% Assignment for the individuals 
inc(n,1) = 10000 + 140000*betarnd(3.63,18.1); % the distribution for salary 
inc(n,2) = inc(n,1); 
u=rand; perofincrease=(u<=(1.29-1.17)/(1.36-1.17)).*(1.17+sqrt((1.36-1.17)*(1.29-
1.17)*u))+(u>(1.29-1.17)/(1.36-1.17)).*(1.36-sqrt((1-u)*(1.36-1.17)*(1.36-1.29))); 
inc(n,3) = perofincrease*inc(n,2); 
inc(n,4) = (1+gamrnd(5.65,0.00938))*inc(n,3); 
inc(n,5) = (0.81+0.08*betarnd(1.23,0.986))*inc(n,4); 
  
% Income Taxes for Single 
for i=1:5 
    if inc(1,i) <= 8500 
        finctax(n,i) = 0.10*inc(1,i); 
    elseif 8500<inc(1,i)<=34500 
        finctax(n,i) = 0.10*8500 + 0.15*(inc(1,i)-8500); 
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    elseif 34500<inc(1,i)<=83600 
        finctax(n,i) = 0.10*8500+0.15*(34500-8500)+0.25*(inc(1,i)-34500); 
    elseif 83600<inc(1,i)<=174400 
        finctax(n,i) = 0.10*8500+0.15*(34500-8500)+0.25*(83600-34500)+0.28*(inc(1,i)-83600); 
    elseif 174400<inc(1,i)<=379150 
        finctax(n,i) = 0.10*8500+0.15*(34500-8500)+0.25*(83600-34500)+0.28*(174400-
83600)+0.33*(inc(1,i)-174400); 
    elseif inc(1,i)>379150 
        finctax(n,i) = 0.10*8500+0.15*(34500-8500)+0.25*(83600-34500)+0.28*(174400-
83600)+0.33*(379150-174400)+0.35*(inc(1,i)-379150); 
    end; 
    if inc(1,i) <= 2400 
        sinctax(n,i) = 0.0256*inc(n,i); 
    elseif 2400<inc(1,i)<=17500 
        sinctax(n,i) = 0.0357*inc(n,i); 
    elseif 17500<inc(1,i)<=27000 
        sinctax(n,i) = 0.0512*inc(n,i); 
    elseif inc(1,i)>27000 
        sinctax(n,i) = 0.0684*inc(n,i); 
    end; 
    inctax(n,i) = finctax(n,i)+sinctax(n,i); 
    atinc(n,i) = inc(n,i)-inctax(n,i); 
end; 
tax1(n,:) = tax1(n,:)+inctax(n,1); % add income taxes to total taxes 
tax2(n,:) = tax2(n,:)+inctax(n,2); 
tax3(n,:) = tax3(n,:)+inctax(n,3); 
tax4(n,:) = tax4(n,:)+inctax(n,4); 
tax5(n,:) = tax5(n,:)+inctax(n,5); 
stax1(n,:) = stax1(n,:)+sinctax(n,1); % add state income taxes to state total taxes 
stax2(n,:) = stax2(n,:)+sinctax(n,2); 
stax3(n,:) = stax3(n,:)+sinctax(n,3); 
stax4(n,:) = stax4(n,:)+sinctax(n,4); 
stax5(n,:) = stax5(n,:)+sinctax(n,5); 
  
% Expenditures Determination based on income for stage 1 
for i=1:3 
   m=0; 
   expen = inc(n,1); 
   while expen > 0.01*inc(n,1) % routines stoped when the total expenditures less than 1% of income 
      ininc = 0; % the indirect increased income from the expenditures 
      m = m+1; % the m th routine 
      perofcon(1,m)=normrnd(0.0869,0.0117); % food at home 
      perofcon(2,m)=0.01+weibrnd(321770.06,4.72); % food away home 
      perofcon(3,m)=0.01+gamrnd(5.42,0.00147); % alcoholic beverages     
      u1=rand; perofcon(4,m)=(u1<=0.0401/(0.06-0.03)).*sqrt((0.06-0.03)*(0.0401-
0.03)*u1)+(u1>0.0401/(0.06-0.03)).*(0.06-sqrt((1-u1)*(0.06-0.03)*(0.06-0.0401))); % owned housing 
      perofcon(5,m)=random('uniform',0.14,0.20); % rented housing 
      perofcon(6,m)=normrnd(0.136,0.01); % house repairing and maintainance 
      perofcon(7,m)=0.05+0.03*betarnd(13.2,12.7); % utilities 
      perofcon(8,m)=0.04+gamrnd(5.53,0.00323); % clothes 
      u2=rand; perofcon(9,m)=(u2<=(0.026-0)/(0.08-0)).*(0+sqrt((0.08-0)*(0.026-0)*u2))+(u2>(0.026-
0)/(0.08-0)).*(0.08-sqrt((1-u2)*(0.08-0)*(0.08-0.026))); % new vehicle 
      u3=rand; perofcon(10,m)=(u3<=(0.0581-0.02)/(0.11-0.02)).*(0.02+sqrt((0.11-0.02)*(0.0581-
0.02)*u3))+(u3>(0.0581-0.02)/(0.11-0.02)).*(0.11-sqrt((1-u3)*(0.11-0.02)*(0.11-0.0581))); % used 
vehicle 
      perofcon(11,m)=normrnd(0.0518,0.00887); % gasoline 
      u4=rand; perofcon(12,m)=(u4<=(0.0224-0.01)/(0.03-0.01)).*(0.01+sqrt((0.03-0.01)*(0.0224-
0.01)*u4))+(u4>(0.0224-0.01)/(0.03-0.01)).*(0.03-sqrt((1-u4)*(0.03-0.01)*(0.03-0.0224))); % vehicle 
insurance 
137 
 
 
 
      perofcon(13,m)=weibrnd(1.055*10^13,7.06); % healthcare excluding insurance 
      perofcon(14,m)=0.01+weibrnd(2.07*10^9,3.88); % health insurance 
      perofcon(15,m)=0.04+lognrnd(-4.53,0.439); % entertainment 
      perofcon(16,m)=0.02*betarnd(19.9,15.1839); % tobacco products 
      perofcon(17,m)=0.09+lognrnd(-3.55,0.370); % other expenditures 
      per = 0; % percentage of all expenditures 
      for l=1:17 
          per = per + perofcon(l,m); 
      end; 
      perofcon(18,m)=1-per; % percentage of after tax income for saving 
  
      % main procedure: cash flows 
      if m==1 
         expen=0; % the total expenditures inclding inirect individuals 
         for j=1:18 
            con(j,m) = perofcon(j,m)*atinc(n,1); 
            expen = expen+con(j,m); 
            if j==1||j==4||j==5||j==7||j==12||j==14||j==18 
               contax(j,m) = 0*con(j,m);             
            else 
               contax(j,m) = (0.07/1.07)*con(j,m); 
            end; 
         end; 
      else 
         ininc = 0.5*expen; % assume 50% of the expenditures utilized to increase the workers' income 
         expen = 0; % initial the expenditures for the m th routine where m is larger than 1 
         for j=1:18 
            con(j,m) = perofcon(j,m)*ininc; 
            expen = expen+con(j,m);             
            if j==1||j==4||j==5||j==7||j==12||j==14||j==18 
               contax(j,m)=0*con(j,m);                
            else  
               contax(j,m)=(0.07/1.07)*con(j,m);        
            end; 
         end; 
      end; 
   end; 
   % obtain the sum of the expenditures taxes and add it to tax 
   sumcontax1(n,i) = sum((sum(contax))'); 
   tax1(n,i) = tax1(n,i)+sumcontax1(n,i); 
   stax1(n,i) = stax1(n,i)+sumcontax1(n,i); 
end; 
    
% Expenditures Determination based on income for stage 2 
for i=1:10 
   m=0; 
   expen = inc(n,2); 
   while expen > 0.01*inc(n,2) % routines stoped when the total expenditures less than 1% of income 
      ininc = 0; % the indirect increased income from the expenditures 
      m = m+1; % the m th routine 
      perofcon(1,m)=0.05+gamrnd(7.21,0.00148); % food at home 
      perofcon(2,m)=0.04+weibrnd(5.44*10^9,4.93); % food away home 
      perofcon(3,m)=lognrnd(-4.53,0.439); % alcoholic beverages  
      perofcon(4,m)=0.07+lognrnd(-3.48,0.405); % owned housing 
      perofcon(5,m)=0.04+weibrnd(2.14*10^8,5.94); % rented housing 
      perofcon(6,m)=0.09+weibrnd(3365089,4.22); % house repairing and maintainance 
      perofcon(7,m)=0.05+lognrnd(-5.41,0.262); % utilities 
      perofcon(8,m)=normrnd(0.039,0.00423); % clothes 
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      u5=rand; perofcon(9,m)=(u5<=(0.038-0.01)/(0.05-0.01)).*(0.01+sqrt((0.05-0.01)*(0.038-
0.01)*u5))+(u5>(0.038-0.01)/(0.05-0.01)).*(0.05-sqrt((1-u5)*(0.05-0.01)*(0.05-0.038))); % new 
vehicle 
      perofcon(10,m)=0.02+lognrnd(-4.00,0.450); % used vehicle 
      perofcon(11,m)=0.02+lognrnd(-4.23,0.442); % gasoline 
      perofcon(12,m)=0.01+0.01*betarnd(2.47,1.44); % vehicle insurance 
      perofcon(13,m)=0.01+lognrnd(-5.71,0.227); % healthcare excluding insurance 
      perofcon(14,m)=0.01+gamrnd(25.2,0.000258); % health insurance 
      perofcon(15,m)=0.03+gamrnd(25.2,0.000513); % entertainment 
      perofcon(16,m)=0.01*betarnd(18.6,12.5365); % tobacco products 
      perofcon(17,m)=0.07+0.04*betarnd(8.29,7.99); % other expenditures 
      per = 0; % percentage of all expenditures 
      for l=1:17 
          per = per + perofcon(l,m); 
      end; 
      perofcon(18,m)=1-per; % percentage of after tax income for saving 
  
      % main procedure: cash flows 
      if m==1 
         expen=0; % the total expenditures inclding inirect individuals 
         for j=1:18 
            con(j,m) = perofcon(j,m)*atinc(n,2); 
            expen = expen+con(j,m); 
            if j==1||j==4||j==5||j==7||j==12||j==14||j==18 
               contax(j,m) = 0*con(j,m);             
            else 
               contax(j,m) = (0.07/1.07)*con(j,m); 
            end; 
         end; 
      else 
         ininc = 0.5*expen; % assume 50% of the expenditures utilized to increase the workers' income 
         expen = 0; % initial the expenditures for the m th routine where m is larger than 1 
         for j=1:18 
            con(j,m) = perofcon(j,m)*ininc; 
            expen = expen+con(j,m);             
            if j==1||j==4||j==5||j==7||j==12||j==14||j==18 
               contax(j,m)=0*con(j,m);                   
            else  
               contax(j,m)=(0.07/1.07)*con(j,m);        
            end; 
         end; 
      end; 
   end; 
   % obtain the sum of the expenditures taxes and add it to tax 
   sumcontax2(n,i) = sum((sum(contax))'); 
   tax2(n,i) = tax2(n,i)+sumcontax2(n,i); 
   stax2(n,i) = stax2(n,i)+sumcontax2(n,i); 
end; 
  
% Expenditures Determination based on income for stage 3 
for i=1:10 
   m=0; 
   expen = inc(n,3); 
   while expen > 0.01*inc(n,3) % routines stoped when the total expenditures less than 1% of income 
      ininc = 0; % the indirect increased income from the expenditures 
      m = m+1; % the m th routine 
      perofcon(1,m)=0.05+lognrnd(-4.61,0.303); % food at home 
      perofcon(2,m)=0.04+lognrnd(-5.23,0.300); % food away home 
      perofcon(3,m)=lognrnd(-4.95,0.0933); % alcoholic beverages     
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      perofcon(4,m)=0.1+weibrnd(2.05*10^8,4.93); % owned housing 
      perofcon(5,m)=0.03+lognrnd(-4.60,0.274); % rented housing 
      perofcon(6,m)=0.11+lognrnd(-5.00,0.481); % house repairing and maintainance 
      perofcon(7,m)=0.05+0.01*betarnd(3.4,6.1); % utilities 
      perofcon(8,m)=0.02+lognrnd(-4.31,0.301); % clothes 
      u6=rand; perofcon(9,m)=(u6<=(0.038-0.01)/(0.05-0.01)).*(0.01+sqrt((0.05-0.01)*(0.038-
0.01)*u6))+(u6>(0.038-0.01)/(0.05-0.01)).*(0.05-sqrt((1-u6)*(0.05-0.01)*(0.05-0.038))); % new 
vehicle 
      perofcon(10,m)=0.01+0.04*betarnd(4.79,5.17); % used vehicle 
      perofcon(11,m)=0.02+lognrnd(-4.47,0.439); % gasoline 
      perofcon(12,m)=0.01+weibrnd(2.61*10^11,5.14); % vehicle insurance 
      perofcon(13,m)=0.01+0.01*betarnd(18.3,12.5); % healthcare excluding insurance 
      perofcon(14,m)=0.01+lognrnd(-4.87,0.149); % health insurance 
      perofcon(15,m)=0.03+lognrnd(-4.30,0.223); % entertainment 
      perofcon(16,m)=lognrnd(-5.18,0.162); % tobacco products 
      u7=rand; perofcon(17,m)=(u7<=(0.094-0.08)/(0.12-0.08)).*(0.08+sqrt((0.12-0.08)*(0.094-
0.08)*u7))+(u7>(0.094-0.08)/(0.12-0.08)).*(0.12-sqrt((1-u7)*(0.12-0.08)*(0.12-0.094))); % other 
expenditures 
      per = 0; % percentage of all expenditures 
      for l=1:17 
          per = per + perofcon(l,m); 
      end; 
      perofcon(18,m)=1-per; % percentage of after tax income for saving 
  
      % main procedure: cash flows 
      if m==1 
         expen=0; % the total expenditures inclding inirect individuals 
         for j=1:18 
            con(j,m) = perofcon(j,m)*atinc(n,3); 
            expen = expen+con(j,m); 
            if j==1||j==4||j==5||j==7||j==12||j==14||j==18 
               contax(j,m) = 0*con(j,m);            
            else 
               contax(j,m) = (0.07/1.07)*con(j,m); 
            end; 
         end; 
      else 
         ininc = 0.5*expen; % assume 50% of the expenditures utilized to increase the workers' income 
         expen = 0; % initial the expenditures for the m th routine where m is larger than 1 
         for j=1:18 
            con(j,m) = perofcon(j,m)*ininc; 
            expen = expen+con(j,m);             
            if j==1||j==4||j==5||j==7||j==12||j==14||j==18 
               contax(j,m)=0*con(j,m);                     
            else  
               contax(j,m)=(0.07/1.07)*con(j,m);        
            end; 
         end; 
      end; 
   end; 
   % obtain the sum of the expenditures taxes and add it to tax 
   sumcontax3(n,i) = sum((sum(contax))'); 
   tax3(n,i) = tax3(n,i)+sumcontax3(n,i); 
   stax3(n,i) = stax3(n,i)+sumcontax3(n,i); 
end; 
  
% Expenditures Determination based on income for stage 4 
for i=1:10 
   m=0; 
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   expen = inc(n,4); 
   while expen > 0.01*inc(n,4) % routines stoped when the total expenditures less than 1% of income 
      ininc = 0; % the indirect increased income from the expenditures 
      m = m+1; % the m th routine 
      perofcon(1,m)=0.03+0.05*betarnd(8.48,7.35); % food at home 
      u8=rand; perofcon(2,m)=(u8<=0.0403/(0.06-0.03)).*sqrt((0.06-0.03)*(0.0403-
0.03)*u8)+(u8>0.0403/(0.06-0.03)).*(0.06-sqrt((1-u8)*(0.06-0.03)*(0.06-0.0403))); % food away 
home 
      perofcon(3,m)=normrnd(0.00698,0.000784); % alcoholic beverages     
      perofcon(4,m)=0.1+lognrnd(-4.78,0.368); % owned housing 
      perofcon(5,m)=normrnd(0.0279,0.00237); % rented housing 
      perofcon(6,m)=0.1+lognrnd(-4.38,0.317); % house repairing and maintainance 
      perofcon(7,m)=0.05+0.01*betarnd(1.79,3.78); % utilities 
      perofcon(8,m)=0.02+0.03*betarnd(1.97,2.99); % clothes 
      perofcon(9,m)=0.01+0.04*betarnd(5.92,7.22); % new vehicle 
      perofcon(10,m)=0.01+lognrnd(-4.16,0.435); % used vehicle 
      perofcon(11,m)=0.02+0.03*betarnd(2.71,4.1); % gasoline 
      perofcon(12,m)=0.01+0.01*betarnd(6.71,1.86); % vehicle insurance 
      perofcon(13,m)=0.01+gamrnd(25.2,0.000407); % healthcare excluding insurance 
      perofcon(14,m)=0.01+gamrnd(25.2,0.000365); % health insurance 
      perofcon(15,m)=0.03+0.02*betarnd(12.6,12.1); % entertainment 
      perofcon(16,m)=0.01*betarnd(21.5,14.5575); % tobacco products 
      perofcon(17,m)=0.1+lognrnd(-4.01,0.302); % other expenditures 
      per = 0; % percentage of all expenditures 
      for l=1:17 
          per = per + perofcon(l,m); 
      end; 
      perofcon(18,m)=1-per; % percentage of after tax income for saving 
  
      % main procedure: cash flows 
      if m==1 
         expen=0; % the total expenditures inclding inirect individuals 
         for j=1:18 
            con(j,m) = perofcon(j,m)*atinc(n,4); 
            expen = expen+con(j,m); 
            if j==1||j==4||j==5||j==7||j==12||j==14||j==18 
               contax(j,m) = 0*con(j,m);             
            else 
               contax(j,m) = (0.07/1.07)*con(j,m); 
            end; 
         end; 
      else 
         ininc = 0.5*expen; % assume 50% of the expenditures utilized to increase the workers' income 
         expen = 0; % initial the expenditures for the m th routine where m is larger than 1 
         for j=1:18 
            con(j,m) = perofcon(j,m)*ininc; 
            expen = expen+con(j,m);             
            if j==1||j==4||j==5||j==7||j==12||j==14||j==18 
               contax(j,m)=0*con(j,m);                     
            else  
               contax(j,m)=(0.07/1.07)*con(j,m);        
            end; 
         end; 
      end; 
   end; 
   % obtain the sum of the expenditures taxes and add it to tax 
   sumcontax4(n,i) = sum((sum(contax))'); 
   tax4(n,i) = tax4(n,i)+sumcontax4(n,i); 
   stax4(n,i) = stax4(n,i)+sumcontax4(n,i); 
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end; 
  
% Expenditures Determination based on income for stage 5 
for i=1:10 
   m=0; 
   expen = inc(n,5); 
   while expen > 0.01*inc(n,5) % routines stoped when the total expenditures less than 1% of income 
      ininc = 0; % the indirect increased income from the expenditures 
      m = m+1; % the m th routine 
      perofcon(1,m)=0.04+0.04*betarnd(5.4,6.19); % food at home 
      perofcon(2,m)=normrnd(0.0424,0.00384); % food away home 
      perofcon(3,m)=lognrnd(-4.91,0.105); % alcoholic beverages  
      perofcon(4,m)=0.09+lognrnd(-4.04,0.305); % owned housing 
      perofcon(5,m)=0.01+weibrnd(3.98*10^9,5.28); % rented housing 
      perofcon(6,m)=normrnd(0.127,0.0122); % house repairing and maintainance 
      perofcon(7,m)=0.05+lognrnd(-4.85,0.301); % utilities 
      perofcon(8,m)=random('uniform',0.02,0.04); % clothes 
      perofcon(9,m)=0.01+0.05*betarnd(2.56,2.61); % new vehicle 
      perofcon(10,m)=random('uniform',0.01,0.04); % used vehicle 
      perofcon(11,m)=0.02+0.03*betarnd(2.94,4.43); % gasoline 
      perofcon(12,m)=0.01+gamrnd(25.2,0.000301); % vehicle insurance 
      perofcon(13,m)=0.02+lognrnd(-4.75,0.271); % healthcare excluding insurance 
      perofcon(14,m)=0.02+gamrnd(15.2,0.000485); % health insurance 
      perofcon(15,m)=0.03+gamrnd(23.1,0.000594); % entertainment 
      perofcon(16,m)=weibrnd(1.23*10^16,7.37); % tobacco products 
      perofcon(17,m)=0.09+0.03*betarnd(1.65,0.886); % other expenditures 
      per = 0; % percentage of all expenditures 
      for l=1:17 
          per = per + perofcon(l,m); 
      end; 
      perofcon(18,m)=1-per; % percentage of after tax income for saving 
  
      % main procedure: cash flows 
      if m==1 
         expen=0; % the total expenditures inclding inirect individuals 
         for j=1:18 
            con(j,m) = perofcon(j,m)*atinc(n,5); 
            expen = expen+con(j,m); 
            if j==1||j==4||j==5||j==7||j==12||j==14||j==18 
               contax(j,m) = 0*con(j,m);            
            else 
               contax(j,m) = (0.07/1.07)*con(j,m); 
            end; 
         end; 
      else 
         ininc = 0.5*expen; % assume 50% of the expenditures utilized to increase the workers' income 
         expen = 0; % initial the expenditures for the m th routine where m is larger than 1 
         for j=1:18 
            con(j,m) = perofcon(j,m)*ininc; 
            expen = expen+con(j,m);             
            if j==1||j==4||j==5||j==7||j==12||j==14||j==18 
               contax(j,m)=0*con(j,m);                     
            else  
               contax(j,m)=(0.07/1.07)*con(j,m);        
            end; 
         end; 
      end; 
   end; 
   % obtain the sum of the expenditures taxes and add it to tax 
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   sumcontax5(n,i) = sum((sum(contax))'); 
   tax5(n,i) = tax5(n,i)+sumcontax5(n,i); 
   stax5(n,i) = stax5(n,i)+sumcontax5(n,i); 
end; 
  
% calculate the present worth of taxes for the whole career life 
PW(n,1) = inctax(n,1)*(((1+r)^3-1)/(r*(1+r)^3))+inctax(n,2)*(((1+r)^10-
1)/(r*(1+r)^10))/((1+r)^3)+inctax(n,3)*(((1+r)^10-1)/(r*(1+r)^10))/((1+r)^13)+inctax(n,4)*(((1+r)^10-
1)/(r*(1+r)^10))/((1+r)^23)+inctax(n,5)*(((1+r)^10-1)/(r*(1+r)^10))/((1+r)^33); 
sPW(n,1) = sinctax(n,1)*(((1+r)^3-1)/(r*(1+r)^3))+sinctax(n,2)*(((1+r)^10-
1)/(r*(1+r)^10))/((1+r)^3)+sinctax(n,3)*(((1+r)^10-
1)/(r*(1+r)^10))/((1+r)^13)+sinctax(n,4)*(((1+r)^10-
1)/(r*(1+r)^10))/((1+r)^23)+sinctax(n,5)*(((1+r)^10-1)/(r*(1+r)^10))/((1+r)^33); 
for i=1:43 
   if i<=3 
      PW(n,2) = PW(n,2)+sumcontax1(n,i)/((1+r)^i); 
      PW(n,3) = PW(n,3)+tax1(n,i)/((1+r)^i); 
      sPW(n,2) = sPW(n,2)+sumcontax1(n,i)/((1+r)^i); 
      sPW(n,3) = sPW(n,3)+stax1(n,i)/((1+r)^i); 
   elseif i>3&&i<=13 
      PW(n,2) = PW(n,2)+sumcontax2(n,i-3)/((1+r)^i); 
      PW(n,3) = PW(n,3)+tax2(n,i-3)/((1+r)^i); 
      sPW(n,2) = sPW(n,2)+sumcontax2(n,i-3)/((1+r)^i); 
      sPW(n,3) = sPW(n,3)+stax2(n,i-3)/((1+r)^i); 
   elseif i>13&&i<=23 
      PW(n,2) = PW(n,2)+sumcontax3(n,i-13)/((1+r)^i); 
      PW(n,3) = PW(n,3)+tax3(n,i-13)/((1+r)^i); 
      sPW(n,2) = sPW(n,2)+sumcontax3(n,i-13)/((1+r)^i); 
      sPW(n,3) = sPW(n,3)+stax3(n,i-13)/((1+r)^i); 
   elseif i>23&&i<=33 
      PW(n,2) = PW(n,2)+sumcontax4(n,i-23)/((1+r)^i); 
      PW(n,3) = PW(n,3)+tax4(n,i-23)/((1+r)^i); 
      sPW(n,2) = sPW(n,2)+sumcontax4(n,i-23)/((1+r)^i); 
      sPW(n,3) = sPW(n,3)+stax4(n,i-23)/((1+r)^i); 
   else 
      PW(n,2) = PW(n,2)+sumcontax5(n,i-33)/((1+r)^i); 
      PW(n,3) = PW(n,3)+tax5(n,i-33)/((1+r)^i); 
      sPW(n,2) = sPW(n,2)+sumcontax5(n,i-33)/((1+r)^i); 
      sPW(n,3) = sPW(n,3)+stax5(n,i-33)/((1+r)^i); 
   end; 
end; 
end; 
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Appendix D: Programming code of the whole life of careers model for 
individuals who only received higher degrees disregarding their majors 
clear; 
  
% variable defination & initialization 
t = 5000; % number of trials 
r = 0.10; % the effective annual interest rate 
inc = zeros (t, 4); % the before tax income for the individual 
tax2 = zeros (t, 10); % annual total taxes in the 2nd stage (25 to 24) 
tax3 = zeros (t, 10); % annual total taxes in the 3rd stage (35 to 44) 
tax4 = zeros (t, 10); % annual total taxes in the 4th stage (45 to 54) 
tax5 = zeros (t, 10); % annual total taxes in the 5th stage (55 to 64) 
stax2 = zeros (t, 10); % annual state total taxes in the 2nd stage (25 to 24) 
stax3 = zeros (t, 10); % annual state total taxes in the 3rd stage (35 to 44) 
stax4 = zeros (t, 10); % annual state total taxes in the 4th stage (45 to 54) 
stax5 = zeros (t, 10); % annual state total taxes in the 5th stage (55 to 64) 
atinc = zeros (t, 4); % the after tax income 
inctax = zeros (t, 4); % the income taxes 
finctax = zeros (t, 4); % the federal income taxes 
sinctax = zeros (t, 4); % the state income taxes 
% 18 as the number of categories and 18 estimated as the rountines of the impacts 
perofcon = zeros (18, 10);  
% percentage of expenditures on each category in rows 
con = zeros (18, 10); % expenditures on each category 
contax = zeros (18, 10); % tax of corresponding expenditures 
sumcontax2 = zeros (t, 10); % annual consumption taxes in the 2nd stage 
sumcontax3 = zeros (t, 10); % annual consumption taxes in the 3rd stage 
sumcontax4 = zeros (t, 10); % annual consumption taxes in the 4th stage 
sumcontax5 = zeros (t, 10); % annual consumption taxes in the 5th stage 
PW = zeros(t,3); % the 1st column is for income taxes, the 2nd column is for consumption taxes, the 
3rd column is for total taxes 
sPW = zeros(t,3); 
  
% begin the replication 
for n=1:t 
  
% Assignment for the individuals 
inc(n,1) = 10000 + 170000*betarnd(3.73,13.7); % the distribution for salary 
u=rand; perofincrease=(u<=(1.29-1.17)/(1.36-1.17)).*(1.17+sqrt((1.36-1.17)*(1.29-
1.17)*u))+(u>(1.29-1.17)/(1.36-1.17)).*(1.36-sqrt((1-u)*(1.36-1.17)*(1.36-1.29))); 
inc(n,2) = perofincrease*inc(n,1); 
inc(n,3) = (1+gamrnd(5.65,0.00938))*inc(n,2); 
inc(n,4) = (0.81+0.08*betarnd(1.23,0.986))*inc(n,3); 
  
% Income Taxes for Single 
for i=1:4 
    if inc(1,i) <= 8500 
        finctax(n,i) = 0.10*inc(1,i); 
    elseif 8500<inc(1,i)<=34500 
        finctax(n,i) = 0.10*8500 + 0.15*(inc(1,i)-8500); 
    elseif 34500<inc(1,i)<=83600 
        finctax(n,i) = 0.10*8500+0.15*(34500-8500)+0.25*(inc(1,i)-34500); 
    elseif 83600<inc(1,i)<=174400 
        finctax(n,i) = 0.10*8500+0.15*(34500-8500)+0.25*(83600-34500)+0.28*(inc(1,i)-83600); 
    elseif 174400<inc(1,i)<=379150 
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        finctax(n,i) = 0.10*8500+0.15*(34500-8500)+0.25*(83600-34500)+0.28*(174400-
83600)+0.33*(inc(1,i)-174400); 
    elseif inc(1,i)>379150 
        finctax(n,i) = 0.10*8500+0.15*(34500-8500)+0.25*(83600-34500)+0.28*(174400-
83600)+0.33*(379150-174400)+0.35*(inc(1,i)-379150); 
    end; 
    if inc(1,i) <= 2400 
        sinctax(n,i) = 0.0256*inc(n,i); 
    elseif 2400<inc(1,i)<=17500 
        sinctax(n,i) = 0.0357*inc(n,i); 
    elseif 17500<inc(1,i)<=27000 
        sinctax(n,i) = 0.0512*inc(n,i); 
    elseif inc(1,i)>27000 
        sinctax(n,i) = 0.0684*inc(n,i); 
    end; 
    inctax(n,i) = finctax(n,i)+sinctax(n,i); 
    atinc(n,i) = inc(n,i)-inctax(n,i); 
end; 
tax2(n,:) = tax2(n,:)+inctax(n,1); % add income taxes to total taxes 
tax3(n,:) = tax3(n,:)+inctax(n,2); 
tax4(n,:) = tax4(n,:)+inctax(n,3); 
tax5(n,:) = tax5(n,:)+inctax(n,4); 
stax2(n,:) = stax2(n,:)+sinctax(n,1); % add income taxes to state total taxes 
stax3(n,:) = stax3(n,:)+sinctax(n,2); 
stax4(n,:) = stax4(n,:)+sinctax(n,3); 
stax5(n,:) = stax5(n,:)+sinctax(n,4); 
  
% Expenditures Determination based on income for stage 1 
    
% Expenditures Determination based on income for stage 2 
for i=1:10 
   m=0; 
   expen = inc(n,1); 
   while expen > 0.01*inc(n,1) % routines stoped when the total expenditures less than 1% of income 
      ininc = 0; % the indirect increased income from the expenditures 
      m = m+1; % the m th routine 
      perofcon(1,m)=0.05+gamrnd(7.21,0.00148); % food at home 
      perofcon(2,m)=0.04+weibrnd(5.44*10^9,4.93); % food away home 
      perofcon(3,m)=lognrnd(-4.53,0.439); % alcoholic beverages  
      perofcon(4,m)=0.07+lognrnd(-3.48,0.405); % owned housing 
      perofcon(5,m)=0.04+weibrnd(2.14*10^8,5.94); % rented housing 
      perofcon(6,m)=0.09+weibrnd(3365089,4.22); % house repairing and maintainance 
      perofcon(7,m)=0.05+lognrnd(-5.41,0.262); % utilities 
      perofcon(8,m)=normrnd(0.039,0.00423); % clothes 
      u5=rand; perofcon(9,m)=(u5<=(0.038-0.01)/(0.05-0.01)).*(0.01+sqrt((0.05-0.01)*(0.038-
0.01)*u5))+(u5>(0.038-0.01)/(0.05-0.01)).*(0.05-sqrt((1-u5)*(0.05-0.01)*(0.05-0.038))); % new 
vehicle 
      perofcon(10,m)=0.02+lognrnd(-4.00,0.450); % used vehicle 
      perofcon(11,m)=0.02+lognrnd(-4.23,0.442); % gasoline 
      perofcon(12,m)=0.01+0.01*betarnd(2.47,1.44); % vehicle insurance 
      perofcon(13,m)=0.01+lognrnd(-5.71,0.227); % healthcare excluding insurance 
      perofcon(14,m)=0.01+gamrnd(25.2,0.000258); % health insurance 
      perofcon(15,m)=0.03+gamrnd(25.2,0.000513); % entertainment 
      perofcon(16,m)=0.01*betarnd(18.6,12.5365); % tobacco products 
      perofcon(17,m)=0.07+0.04*betarnd(8.29,7.99); % other expenditures 
      per = 0; % percentage of all expenditures 
      for l=1:17 
          per = per + perofcon(l,m); 
      end; 
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      perofcon(18,m)=1-per; % percentage of after tax income for saving 
  
      % main procedure: cash flows 
      if m==1 
         expen=0; % the total expenditures inclding inirect individuals 
         for j=1:18 
            con(j,m) = perofcon(j,m)*atinc(n,1); 
            expen = expen+con(j,m); 
            if j==1||j==4||j==5||j==7||j==12||j==14||j==18 
               contax(j,m) = 0*con(j,m);             
            else 
               contax(j,m) = (0.07/1.07)*con(j,m); 
            end; 
         end; 
      else 
         ininc = 0.5*expen; % assume 50% of the expenditures utilized to increase the workers' income 
         expen = 0; % initial the expenditures for the m th routine where m is larger than 1 
         for j=1:18 
            con(j,m) = perofcon(j,m)*ininc; 
            expen = expen+con(j,m);             
            if j==1||j==4||j==5||j==7||j==12||j==14||j==18 
               contax(j,m)=0*con(j,m);                     
            else  
               contax(j,m)=(0.07/1.07)*con(j,m);        
            end; 
         end; 
      end; 
   end; 
   % obtain the sum of the expenditures taxes and add it to tax 
   sumcontax2(n,i) = sum((sum(contax))'); 
   tax2(n,i) = tax2(n,i)+sumcontax2(n,i); 
   stax2(n,i) = stax2(n,i)+sumcontax2(n,i); 
end; 
  
% Expenditures Determination based on income for stage 3 
for i=1:10 
   m=0; 
   expen = inc(n,2); 
   while expen > 0.01*inc(n,2) % routines stoped when the total expenditures less than 1% of income 
      ininc = 0; % the indirect increased income from the expenditures 
      m = m+1; % the m th routine 
      perofcon(1,m)=0.05+lognrnd(-4.61,0.303); % food at home 
      perofcon(2,m)=0.04+lognrnd(-5.23,0.300); % food away home 
      perofcon(3,m)=lognrnd(-4.95,0.0933); % alcoholic beverages     
      perofcon(4,m)=0.1+weibrnd(2.05*10^8,4.93); % owned housing 
      perofcon(5,m)=0.03+lognrnd(-4.60,0.274); % rented housing 
      perofcon(6,m)=0.11+lognrnd(-5.00,0.481); % house repairing and maintainance 
      perofcon(7,m)=0.05+0.01*betarnd(3.4,6.1); % utilities 
      perofcon(8,m)=0.02+lognrnd(-4.31,0.301); % clothes 
      u6=rand; perofcon(9,m)=(u6<=(0.038-0.01)/(0.05-0.01)).*(0.01+sqrt((0.05-0.01)*(0.038-
0.01)*u6))+(u6>(0.038-0.01)/(0.05-0.01)).*(0.05-sqrt((1-u6)*(0.05-0.01)*(0.05-0.038))); % new 
vehicle 
      perofcon(10,m)=0.01+0.04*betarnd(4.79,5.17); % used vehicle 
      perofcon(11,m)=0.02+lognrnd(-4.47,0.439); % gasoline 
      perofcon(12,m)=0.01+weibrnd(2.61*10^11,5.14); % vehicle insurance 
      perofcon(13,m)=0.01+0.01*betarnd(18.3,12.5); % healthcare excluding insurance 
      perofcon(14,m)=0.01+lognrnd(-4.87,0.149); % health insurance 
      perofcon(15,m)=0.03+lognrnd(-4.30,0.223); % entertainment 
      perofcon(16,m)=lognrnd(-5.18,0.162); % tobacco products 
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      u7=rand; perofcon(17,m)=(u7<=(0.094-0.08)/(0.12-0.08)).*(0.08+sqrt((0.12-0.08)*(0.094-
0.08)*u7))+(u7>(0.094-0.08)/(0.12-0.08)).*(0.12-sqrt((1-u7)*(0.12-0.08)*(0.12-0.094))); % other 
expenditures 
      per = 0; % percentage of all expenditures 
      for l=1:17 
          per = per + perofcon(l,m); 
      end; 
      perofcon(18,m)=1-per; % percentage of after tax income for saving 
  
      % main procedure: cash flows 
      if m==1 
         expen=0; % the total expenditures inclding inirect individuals 
         for j=1:18 
            con(j,m) = perofcon(j,m)*atinc(n,2); 
            expen = expen+con(j,m); 
            if j==1||j==4||j==5||j==7||j==12||j==14||j==18 
               contax(j,m) = 0*con(j,m);             
            else 
               contax(j,m) = (0.07/1.07)*con(j,m); 
            end; 
         end; 
      else 
         ininc = 0.5*expen; % assume 50% of the expenditures utilized to increase the workers' income 
         expen = 0; % initial the expenditures for the m th routine where m is larger than 1 
         for j=1:18 
            con(j,m) = perofcon(j,m)*ininc; 
            expen = expen+con(j,m);             
            if j==1||j==4||j==5||j==7||j==12||j==14||j==18 
               contax(j,m)=0*con(j,m);                    
            else  
               contax(j,m)=(0.07/1.07)*con(j,m);        
            end; 
         end; 
      end; 
   end; 
   % obtain the sum of the expenditures taxes and add it to tax 
   sumcontax3(n,i) = sum((sum(contax))'); 
   tax3(n,i) = tax3(n,i)+sumcontax3(n,i); 
   stax3(n,i) = stax3(n,i)+sumcontax3(n,i); 
end; 
  
% Expenditures Determination based on income for stage 4 
for i=1:10 
   m=0; 
   expen = inc(n,3); 
   while expen > 0.01*inc(n,3) % routines stoped when the total expenditures less than 1% of income 
      ininc = 0; % the indirect increased income from the expenditures 
      m = m+1; % the m th routine 
      perofcon(1,m)=0.03+0.05*betarnd(8.48,7.35); % food at home 
      u8=rand; perofcon(2,m)=(u8<=(0.0403-0.03)/(0.06-0.03)).*(0.03+sqrt((0.06-0.03)*(0.0403-
0.03)*u8))+(u8>(0.0403-0.03)/(0.06-0.03)).*(0.06-sqrt((1-u8)*(0.06-0.03)*(0.06-0.0403))); % food 
away home 
      perofcon(3,m)=normrnd(0.00698,0.000784); % alcoholic beverages     
      perofcon(4,m)=0.1+lognrnd(-4.78,0.368); % owned housing 
      perofcon(5,m)=normrnd(0.0279,0.00237); % rented housing 
      perofcon(6,m)=0.1+lognrnd(-4.38,0.317); % house repairing and maintainance 
      perofcon(7,m)=0.05+0.01*betarnd(1.79,3.78); % utilities 
      perofcon(8,m)=0.02+0.03*betarnd(1.97,2.99); % clothes 
      perofcon(9,m)=0.01+0.04*betarnd(5.92,7.22); % new vehicle 
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      perofcon(10,m)=0.01+lognrnd(-4.16,0.435); % used vehicle 
      perofcon(11,m)=0.02+0.03*betarnd(2.71,4.1); % gasoline 
      perofcon(12,m)=0.01+0.01*betarnd(6.71,1.86); % vehicle insurance 
      perofcon(13,m)=0.01+gamrnd(25.2,0.000407); % healthcare excluding insurance 
      perofcon(14,m)=0.01+gamrnd(25.2,0.000365); % health insurance 
      perofcon(15,m)=0.03+0.02*betarnd(12.6,12.1); % entertainment 
      perofcon(16,m)=0.01*betarnd(21.5,14.5575); % tobacco products 
      perofcon(17,m)=0.1+lognrnd(-4.01,0.302); % other expenditures 
      per = 0; % percentage of all expenditures 
      for l=1:17 
          per = per + perofcon(l,m); 
      end; 
      perofcon(18,m)=1-per; % percentage of after tax income for saving 
  
      % main procedure: cash flows 
      if m==1 
         expen=0; % the total expenditures inclding inirect individuals 
         for j=1:18 
            con(j,m) = perofcon(j,m)*atinc(n,3); 
            expen = expen+con(j,m); 
            if j==1||j==4||j==5||j==7||j==12||j==14||j==18 
               contax(j,m) = 0*con(j,m);            
            else 
               contax(j,m) = (0.07/1.07)*con(j,m); 
            end; 
         end; 
      else 
         ininc = 0.5*expen; % assume 50% of the expenditures utilized to increase the workers' income 
         expen = 0; % initial the expenditures for the m th routine where m is larger than 1 
         for j=1:18 
            con(j,m) = perofcon(j,m)*ininc; 
            expen = expen+con(j,m);             
            if j==1||j==4||j==5||j==7||j==12||j==14||j==18 
               contax(j,m)=0*con(j,m);                     
            else  
               contax(j,m)=(0.07/1.07)*con(j,m);        
            end; 
         end; 
      end; 
   end; 
   % obtain the sum of the expenditures taxes and add it to tax 
   sumcontax4(n,i) = sum((sum(contax))'); 
   tax4(n,i) = tax4(n,i)+sumcontax4(n,i); 
   stax4(n,i) = stax4(n,i)+sumcontax4(n,i); 
end; 
  
% Expenditures Determination based on income for stage 5 
for i=1:10 
   m=0; 
   expen = inc(n,4); 
   while expen > 0.01*inc(n,4) % routines stoped when the total expenditures less than 1% of income 
      ininc = 0; % the indirect increased income from the expenditures 
      m = m+1; % the m th routine 
      perofcon(1,m)=0.04+0.04*betarnd(5.4,6.19); % food at home 
      perofcon(2,m)=normrnd(0.0424,0.00384); % food away home 
      perofcon(3,m)=lognrnd(-4.91,0.105); % alcoholic beverages  
      perofcon(4,m)=0.09+lognrnd(-4.04,0.305); % owned housing 
      perofcon(5,m)=0.01+weibrnd(3.98*10^9,5.28); % rented housing 
      perofcon(6,m)=normrnd(0.127,0.0122); % house repairing and maintainance 
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      perofcon(7,m)=0.05+lognrnd(-4.85,0.301); % utilities 
      perofcon(8,m)=random('uniform',0.02,0.04); % clothes 
      perofcon(9,m)=0.01+0.05*betarnd(2.56,2.61); % new vehicle 
      perofcon(10,m)=random('uniform',0.01,0.04); % used vehicle 
      perofcon(11,m)=0.02+0.03*betarnd(2.94,4.43); % gasoline 
      perofcon(12,m)=0.01+gamrnd(25.2,0.000301); % vehicle insurance 
      perofcon(13,m)=0.02+lognrnd(-4.75,0.271); % healthcare excluding insurance 
      perofcon(14,m)=0.02+gamrnd(15.2,0.000485); % health insurance 
      perofcon(15,m)=0.03+gamrnd(23.1,0.000594); % entertainment 
      perofcon(16,m)=weibrnd(1.23*10^16,7.37); % tobacco products 
      perofcon(17,m)=0.09+0.03*betarnd(1.65,0.886); % other expenditures 
      per = 0; % percentage of all expenditures 
      for l=1:17 
          per = per + perofcon(l,m); 
      end; 
      perofcon(18,m)=1-per; % percentage of after tax income for saving 
  
      % main procedure: cash flows 
      if m==1 
         expen=0; % the total expenditures inclding inirect individuals 
         for j=1:18 
            con(j,m) = perofcon(j,m)*atinc(n,4); 
            expen = expen+con(j,m); 
            if j==1||j==4||j==5||j==7||j==12||j==14||j==18 
               contax(j,m) = 0*con(j,m);             
            else 
               contax(j,m) = (0.07/1.07)*con(j,m); 
            end; 
         end; 
      else 
         ininc = 0.5*expen; % assume 50% of the expenditures utilized to increase the workers' income 
         expen = 0; % initial the expenditures for the m th routine where m is larger than 1 
         for j=1:18 
            con(j,m) = perofcon(j,m)*ininc; 
            expen = expen+con(j,m);             
            if j==1||j==4||j==5||j==7||j==12||j==14||j==18 
               contax(j,m)=0*con(j,m);                     
            else  
               contax(j,m)=(0.07/1.07)*con(j,m);        
            end; 
         end; 
      end; 
   end; 
   % obtain the sum of the expenditures taxes and add it to tax 
   sumcontax5(n,i) = sum((sum(contax))'); 
   tax5(n,i) = tax5(n,i)+sumcontax5(n,i); 
   stax5(n,i) = stax5(n,i)+sumcontax5(n,i); 
end; 
  
% calculate the present worth of taxes for the whole career life 
PW(n,1) = inctax(n,1)*(((1+r)^10-1)/(r*(1+r)^10))/((1+r)^3)+inctax(n,2)*(((1+r)^10-
1)/(r*(1+r)^10))/((1+r)^13)+inctax(n,3)*(((1+r)^10-
1)/(r*(1+r)^10))/((1+r)^23)+inctax(n,4)*(((1+r)^10-1)/(r*(1+r)^10))/((1+r)^33); 
sPW(n,1) = sinctax(n,1)*(((1+r)^10-1)/(r*(1+r)^10))/((1+r)^3)+sinctax(n,2)*(((1+r)^10-
1)/(r*(1+r)^10))/((1+r)^13)+sinctax(n,3)*(((1+r)^10-
1)/(r*(1+r)^10))/((1+r)^23)+sinctax(n,4)*(((1+r)^10-1)/(r*(1+r)^10))/((1+r)^33); 
for i=1:40 
   if i<=10 
      PW(n,2) = PW(n,2)+sumcontax2(n,i)/((1+r)^i); 
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      PW(n,3) = PW(n,3)+tax2(n,i)/((1+r)^i); 
      sPW(n,2) = sPW(n,2)+sumcontax2(n,i)/((1+r)^i); 
      sPW(n,3) = sPW(n,3)+stax2(n,i)/((1+r)^i); 
   elseif i>10&&i<=20 
      PW(n,2) = PW(n,2)+sumcontax3(n,i-10)/((1+r)^i); 
      PW(n,3) = PW(n,3)+tax3(n,i-10)/((1+r)^i); 
      sPW(n,2) = sPW(n,2)+sumcontax3(n,i-10)/((1+r)^i); 
      sPW(n,3) = sPW(n,3)+stax3(n,i-10)/((1+r)^i); 
   elseif i>20&&i<=30 
      PW(n,2) = PW(n,2)+sumcontax4(n,i-20)/((1+r)^i); 
      PW(n,3) = PW(n,3)+tax4(n,i-20)/((1+r)^i); 
      sPW(n,2) = sPW(n,2)+sumcontax4(n,i-20)/((1+r)^i); 
      sPW(n,3) = sPW(n,3)+stax4(n,i-20)/((1+r)^i); 
   else 
      PW(n,2) = PW(n,2)+sumcontax5(n,i-30)/((1+r)^i); 
      PW(n,3) = PW(n,3)+tax5(n,i-30)/((1+r)^i); 
      sPW(n,2) = sPW(n,2)+sumcontax5(n,i-30)/((1+r)^i); 
      sPW(n,3) = sPW(n,3)+stax5(n,i-30)/((1+r)^i); 
   end; 
end; 
end; 
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Appendix E: Notation 
BD: Bachelor's Degree 
FTR : the federal tax revenues 
HD: Higher than Bachelor's Degree (Higher Degree) 
i: the effective annual interest rate 
Impact1: the ratio between the tax revenues from the two groups of 
individuals 
Impact2: the increase of tax revenues by one dollar increased in individuals’ 
income 
Impact3:  the difference of the taxes revenues between the two groups of 
individuals  
Income : an individual’s salary 
pc : the percentage of the after taxes income on each category of the 
expenditures 
pe : the percentage of the direct expenditures paid to the employees in the 
corresponding places 
ps : the minimum percentage of the individual’s income to stop adding the 
indirect contributions 
PW: the net present worth of the tax revenues received by the federal and the 
state & local governments tougher 
PW1: the net present worth of the income tax revenues received by the federal 
and the state & local governments tougher 
PW2: the net present worth of the sales tax revenues received by the federal 
and the state & local governments tougher 
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PW3: the net present worth of the total tax revenues received by the federal 
and the state & local governments tougher 
ri: the income tax rate 
rif : the federal income tax rate 
rin: the increased rate of the incomes from one state to another 
ris : the state income tax rate 
rs : the sales tax rate 
sPW: the net present worth of the tax revenues received by the state & local 
government 
sPW1: the net present worth of the income tax revenues received by the state 
& local government 
sPW2: the net present worth of the sales tax revenues received by the state & 
local government 
sPW3: the net present worth of the total tax revenues received by the state & 
local government 
STR : the state tax revenues 
t: the replicates running the model 
TR : the total tax revenues  
